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A B S T R A C T
The following new thiourea(tu) complexes of cobalt(II) halides 
CoCtuJ^Brg, CoCtiO^Ig, and the known complex CoCtuJ^Cl^ have been prepared# 
In addition, new nickel(ll) complexes with several substituted thioureas 
such as dibutylthiourea (dbtu), and di cyclohexyl thiourea (dctu) have been 
prepared# Examples of these complexes are; NiCdbtu^X^, where X = Cl, 
Brorl; NKdctuJ^X^
Their visible spectra and magnetic properties show the thiourea 
complexes of cobalt(ll), including £o(tu) Cl , to be four co-ordinate and
j &
tetrahedral# The last compound was previously said to be five co-ordinate. 
The infra-red spectra of the thiourea complexes of cobalt(II), and of the 
substituted thiourea complexes of nickel(II) indicate that the ligands are 
bonded through sulphur and not through nitrogen#
Some new complexes of chromium(II), iron(ll) and vanadium(II) with 
sulphur-donor ligands have been prepared under anaerobic conditions, and 
their properties investigated by spectroscopic and magnetic techniques, 
also carried out in the absence of air#
Two types of chromium(ll) complex, CrCR^NCS^)^ and CrCR^NCS^Cl),
R s= CH^orEt, have been prepared from the sodium salts of diethyl- and 
dimethyl-dithiocarbamates under different conditions, whilst only the first 
type of chromium(ll) compound has been obtained from pyrrblidyl- 
dithiocarbamate (R = C^Hg) in conditions tried# Chromium(ll) complexes 
of other disubstituted dithiocarbamates could not be isolated because of 
oxidation, apparently by the solvent, even under nitrogen#
Some new iron(ll) dithiocarbamate complexes have also been prepared 
by the reaction of ferrous sulphate heptahydrate in water# Sodium 
dicyclohexyldithiocarbamate gave a complex of the type Fe^/R^NCS^,(OHTJ^
R ss • Other sodium dithio carbamates gave complexes of the type
, where X = ClorBr; and JhUdctu^X^, where X - Brorl#
Fe(R3NCS2)2 ; where R = CH^, C ^ ,  C,H ? , C4Hg or C^g.
In addition the following two types of dithiocarbaraato-complex of 
vanadium(ll) have been prepared:
(1) V(R2NCS2)2 j where R = CH , or CgHgCH^
and (2) V ^ 2NCS2(0Hj7i where R = c3H7 i C4H9 or C4H8'
The reduced and temperature variable magnetic moments 6f the
chromium(ll) and iron(XX) complexes have been shown to arise from
antiferromagnetic interaction in binuclear structures* The magnetic
moments of the vanadium(ll) complexes are reduced, and in some cases do
not vary with temperature, so that it is very difficult to say whether the
metal atom is in the bivalent state or whether oxidation has occurred*
The reflectance spectra of the bis(dithiocarbamato)-complexes of
chromium(XX) and iron(ll) are as expected for highly distorted complexes,
and are therefore compatible with the binuclear five-co-ordinate structures
previously assigned on the basis of X-ray powder results*
Two new complexes of chroraiura(ll) with 2-methylraercaptoaniline
have been prepared and their properties investigated by spectroscopic and
magnetic techniques*
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CHAPT_ER_ 1
INTRODUCTION
The structures and properties of the complexes formed by a metal 
are influenced by (a) its oxidation state and (b) the type of ligand*
(a) Oxidation State:
Transition elements generally exhibit a wide range of oxidation 
states in their different compounds. Table 1* shows the oxidation states 
that have been found for metals of the first transition serieso The 
electronic configurations of the elements are important in determining which
Sc Ti V Cr Mn Fe Co Ni Cu
- - -1 -1 -1 -1 -1 - -
- 0 0 0 0 0 0 0 0
- - 1 1 1 - 1 1 1
mm 2 2 2 2 2 2 2 2
-2
3 3 3 3 3 3 3 3 3
4 4 4 4 4 4 4
5 5 5 5
6 6 6 -
7
oxidation states an. element will exhibit, and in this work divalent 
vanadium, chromium, iron, cobalt and nickel with the electronic 
configurations (Ar)3d^, (Ar)3d\ (Ar)3d^, (Ar)3d^, and (Ar)3d^ respectively 
have been investigated*
Compoundsof bivalent manganese, iron, cobalt, nickel and copper 
are very well known whilst the chemistries of chromium(ll) and 
vanadium(Xl) are much less well known* In these oxidation states these 
metal ions are exceedingly sensitive to aerial oxidation*
ChroRiium(ll) The bivalent chromium ion in aqueous solution
is bright blueD It is highly sensitive to aerial oxidation* The standard
2+ ^ 3+ ** .
potential for the half-cell reaction Cr, x  ^  Or, N + e is -0*41 V f*
(aq) v — - (aq)
It is thus an extremely powerful reducing agent and has been used as such
in volumetric analysis*’*' It has been reported that pure chrornium(ll) salts
2 .
could not be prepared by reacting the metal in acids because of oxidation
by hydrogen ions in acid solution* However, even in acid, provided
impurities, catalysts, and complexing agents are absent, oxidation by hydrogen 
3
ions is very slow; and, if an excess of raetdl is used* oxidation must be 
even slower in the nearly neutral solutions (pH —  5) remaining after thd 
reaction of the acid is complete*
According to ligand field theory complexes of chromium(ll) should be
4 5—9similar to copper(ll) complexes* This is now an established fact*
Although a large number of copper(ll) complexes are known, comparatively few
chromiura(II) complexes have been reported because of the preparative
difficulties arising from their easy aerial oxidation*
Different methods have been used for excluding oxygen* These
include flushing out the apparatus with gases like CO^, N^, coal gas, etc*,
and the use of glove boxes* ^  Aerial oxidation can be also reduced by
placing a layer of petroleum, toluene, kerosene, or ligroin on the surface
of the solution* Four different methods have been used for the preparation
of chromium(ll) solutions*
11 12
(i) The electrolytic reduction of chromium(lll) solutions* *
13(ii) The reduction of chromium(III) solutions by zinc and acids*
(iii) The solution, in mineral acid, of chroraium(ll) acetate,
previously precipitated from chromium(ll) solutions obtained by 
methods (i) or (ii) above*
-  10 -
(iv) By heating an excess of spectroscopically pure chromium metal 
with AnalaR dilute acid* ’
It was found that method (iv) vvas the most convenient and least likely to 
introduce impurities*^
Vanadium(ll) Divalent vanadium has the electronic configuration
(Ar)d^« It is highly sensitive to aerial oxidation* Vanadium exists in
four well defined oxidation states, corresponding to the oxides
Vo0o, V_0 , Vo0. and Vo0 « The ions derived from these oxides have 
2 2 2 3  " ^ u 5
distinctive colours* The bivalent vanadous ion is violet; the tervalent 
vanadic ion is green; the salts derived from the tetroxide, V^O^, contain
•J* *}•
the complex bivalent vanadyl ion VO , which has a fine blue colour; and 
lastly many anions derived from the pentoxide V^O^ of which the metavanadates, 
containing the yellow anion are 't^ ie simplest*^ In addition pervanadates
ar e known*
The standard potential for the reaction ^(^q) + e V
o 19at 25 « Because of their powerful reducing nature vanadous salts are
20,21 22,23
used as such in volumetric analysis* 1 It has been stated ■ that
salts of copper, silver, tin, gold, platinum and mercury are reduced to
the metal by vanadous salts* In aqueous solution the vanadium(ll) ion tends
019
to oxidise to vanadium(lll) ion at pH less than 4*3 at 23 * According to 
crystal field theory the chemistry of high-spin chromium(ll) should be 
similar to that of copper(II)* Likewise vanadium(II) should resemble high
spin nickel(ll)*
+ 4e 5 d^ + 4e ;. Cr2+ 5 CU2+ 
d° + 3e s d5 + 3e ; V2* s Ni2+
11
It has been stated - that the lower oxidation states of vanadium are 
differently affected by ligand field stabilization energies. As the strength 
of the ligand field increases there should be an increase in stability of the 
complexes of divalent vanadium compared with the corresponding complexes of 
trivalent vanadium. The chemistry of vanadium(ll) is not well established 
because of experimental difficulties arising in the preparation of pure 
vanadous solutions although the chemistry of divalent copper and divalent 
nickel has been studied in detail.
Various methods have been used to exclude oxygen as described above 
for chromium(ll), The methods used for excluding oxygen in the present work 
are described in Chapter 2.
Aqueous vanadium(ll) solutions are commonly prepared as follows. 
Commercially available vanadium pentoxide (B.D.H.) is dissolved in the 
appropriate halogen acid and reduced to the vanadyl(IV) halide by evaporation 
almost to dryness. This nearly dry residue of vanadyl halide is treated with 
distilled water, a solution of known concentration prepared, and the vanadyl(IV) 
ions reduced to vanadium(ll) solutions by one of the following methods,
(i) Reduction by zinc and dilute sulphuric acid.
(ii) Electrolytic reduction using a carbon anode and a mercury 
cathode2"*, or
(iii) Electrolytic reduction using a platinum anode and a mercury 
cathode, (Figure 2.)
The disadvantage of method (i) is the contamination of the vanadium(Il) 
solution with zinc ions, and incomplete reduction. During the electrolysis 
by method (ii) colloidal carbon particales can form from the anode, and these 
cannot readily be removed by filtration. Method (iii) is the best, if proper
26
concentrations ' of acid and vanadyl (iv) salts are maintained so that attack 
of chlorine on the anode does not occur.
(b) Tj32£_ of Ligand:
The most studied ligands are the halide and cyanide ions, and
ligands having oxygen or nitrogen as donor atoms. Ligands having sulphur
as donor atoms have been less extensively studied although in recent 
27 28
years there has been considerable interest shown in such ligands.
From the relative co-ordinating affinities of ligand atoms of the group 
VB, VIB and VIIB two regular features have emerged.
(1) There is in general a very great difference between the 
co-ordinating affinities of the first and the second element from each of 
the three groups of ligand atoms in the periodic table, i.e. between N and P, 
O and S or F and Cl.
(2) Metal ions are divided into twc classes of acceptor.
Class A acceptors form more stable complexes with ligands in which the donor
atom is the first member of groups VB, VIB or VIIB of the periodic table,
i.e. N, 0 or F, and class B acceptors form most stable complexes with the
second or a subsequent ligand atom, i.e. P c S or Cl. Mercury for example
forms stronger complexes with ligands containing sulphur donor atoms than
with ligands containing oxygen donor atoms. Class B behaviour is
restricted to an area near the centre of the periodic table, most metals 
29
being m  class A .
(l) Monodentate Sulphur Ligands:
Hie electronegativities of atoms -which can act as donors fall in
the series F > 0 > N > C 1 >  Br > I S ~  Ser"/ C >  Te >  P > As > Sb. For
unidentate ligands, the co-ordinating ability will depend not only On the
electronegativity but also on the total dipole moment (p.) of the ligand* On
this basis H_S co-ordinates more strongly than Ho0 with ions of high field
2+ +
strength such as Hg , Ag * Co-ordinating ability decreases in the series
H O  >  ROH > Ro0, but the reverse order holds for sulphur H S < RSH < R0S.
2 2 2 2
The polarisabilities of sulphur ligands decrease in the order
2— — 30 S > RS > R0S. Williams has suggested that the principal difference
between thiols and thioethers as ligands is that the former are more highly
polarisable, but not as effective d electron acceptors as the latter.
The simplest sulphur ligand is the sulphide ion and its complexing
power is used in qualitative analysis. Mercury is an ideal Class B metal
and usually forms weak links with oxygen so that the very high stability of
the Hg(ll) - sulphite complex'^* suggests bonding through sulphur. Other
Class B metals form stable sulphite complexes, and their infrared spectra like
32 .33
that of the mercury complex, support the presence of metal-sulphur bonds.
Metal complexes are formed by aliphatic and aromatic thiols. A
polymeric diamagnetic complex(l) is formed between ethanethiol and divalent
34
nickel, and a similar polymeric structure has been given to the palladium
35thiols. Some binuclear complexes of platinum and palladium which have
/»/“ o*7
bridging thiol groups are reported, ’ whilst a polymeric structure has
38been suggested for the Co(III)-hexanethiol complex* Square planar
monomeric complexes of thiophenol with nickel and palladium have been
39recently described*
The thiosulphate ion is usually unidentate as in its Hg(II)-complex, 
but it is bidentate in ^ y j  When unidentate, it is almost certainly
b o n  de d through the central sulphur atom like the sulphite ion0
Thiocyanate complexes, unlike cyanate complexes, have been reported 
for most transition metals* Co-ordination through nitrogen occurs for 
Class A metals and also for several Class B metals* The position of
carbon-sulphur stretching frequency in particular has been used to show the
. 40,41
donor atom*
Thiourea acts as a unidentate ligand forming strong complexes with
Class B metal ions* Thiourea reduces several metals in their normal
oxidation state,.forming complexes with the metal in a lower oxidation
42
state* However, thiourea stabilises Rh(IV) in solution* Infrared
studies have shown that it almost invariably co-ordinates through sulphur
43 44 45not only with Class B metals, but also with Sn(lV), Pb(Il), and
46
Te(ll). Co-ordination through nitrogen has been claimed for 
47
titanium(lV)* X-ray structural determinations on many thiourea complexes
48—56
have been carried out, and several stability constant studies have been
57reported recently* Complexes of ethylenethiourea and NN*-substituted
58
thioureas have been studied extensively* Holt and Carlin have pointed 
out that systems in which nickel(ll) attains a variety of stereochemical 
environments with one donor atom are rare, yet with l-(l-napthyl)-2-thiourea 
nickel(ll) gives tetrahedral complexes, and with ethylenethiourea 
paramagnetic octahedral, diamagnetic tetragonal, and diamagnetic square
planar complexes* NN1-diethylthiourea, and NN1-diphenylthiourea behave as
47
bidentate chelating agents in the complexes 2TiCl^<,L (L = Ligand).
Thioethers are very weak co-ordinating agents, except with some 
Class B metals. Their most common complexes are mononuclear, consisting of 
two halide ions and two thioether molecules per divalent metal atom. However, 
many complexes with two chloride bridges are known, e.g. (II) and (III)
Ph
Ii
R - S Cl ci r, ri
" N ,  /  ' N »  /  X ,  /
Pt* ~ P t ^  ^ P t
C1/  \ i ^  S a / X /  r\
S - R
II I
Ph
R«S X
III
Complexes of thioacetamide (CH CSNH0) with Cu(I), Ag(l) are sulphur-
59 1bonded and tetrahedral. Similar complexes are known with other unidentate
sulphur ligands such as thiosemicarbazide^0 and thiobenzamide.^* Dimethyl-
sulphoxide (Me SO) forms complexes with transition metal ions co-ordinating
a
62
through oxygen except with Pd(II) and Pt(ll) to which it is S-bonded.
It is claimed that several complexes formed from l,4-thioxane(lV) are
63
sulphur-bonded rather than oxygen bonded.
(2) Chelate Ligands Containing Sulphur and Oxygen Donor Atoms:
Nickel(ll) raercaptoacetate ions forra^ a monomeric complex Ni(RS)^,
mm> 2~2r\
and a series of sulphur-bridged polynuclear complexes Ni/Ni(RS)rt / *
Other aliphatic acids containing a thiol group have been used as chelating 
ligands* However, most of the work reported on sulphur-oxygen chelates 
has been carried out with sulphur derivatives of ketones and esters* Tanaka 
and Yokoyama have prepared a large number of p-mercaptoketones and 
p-mercaptoesters, and investigated their co-ordinating ability* p-mercapto- 
ketones react with copper (II) ions to give yellow copper (I) complexes, but do
65
not yield nickel(II) complexes* On the other hand p-mercaptoesters form
66 67
both copper(I) and nickel(Il) complexes* * Some cobalt and iron
68
complexes of tt p-unsaturated-p-mercaptoesters are also known* Infrared 
spectra have been used to show the co-ordinating atoms in many of these
69
compounds* Mono-thio-p-diketones (RCSoCH^p0R) exist in ene-thiol 
tautomeric forms (V) and cause nickel to spin-pair, so forming planar
70
complexes (VI)* R
H
C
C C
V
^ R
H
VI
It is interesting to note that complexes of raonothio-p-diketones with
bivalent platinum and palladium are known, but a -methyl-substituted
monothio-p-diketones do not form complexes with bivalent platinum and
71palladium, although nickel complexes can be obtained* High-spin/low-spin 
72 73
equilibria 1 have been established in iron(lll) complexes of certain
monothio-p-diketones *
Several Class B metals except platinum form inner complexes with
o-methylmercaptobenzoicacidi, ? o-Alkyl~mercaptobenzoicacids form
halogen-bridged binuclear complexes® 9 Some of which apparently contain
75two different metal ions* Dialkylthiocarbamato-complexes with univalent
78 .copper, and some thio-phosphate complexes have also been reported*
(3) Ligands Containing Sulphur and Nitrogen Donor Atoms:
Stability constants have been reported for some metal complexes of
33-ligands such as 2-amino-ethanethiol (HS.CH *CH *NH_) and cysteine
ci Ci Ci
(HS*CH oCHNH -CO H)c It has also been reported that cysteine forms
2 ci ci
extremely stable complexes with mercury(II) and iron(lll)* 2-Aminoethanethiol 
forms mononuclear complexes with bivalent nickel and palladium, and with 
trivalent cobalt, but not with bivalent cobalto0 * ^  However, it is also 
possible to form trinuclear complexes with bivalent nickel, cobalt and palladium* 
A sulphur-bridged cadmium(li) complex has also been reported.
Chelate complexes of o-aminobenzenethiol have been reported although 
very little work has been done on them, presumably, in part, because of their 
poor solvability* It forms more stable complexes with bivalent lead and
82 83
zinc than those formed from o-aminophenol. * o-Aminobenzenethiol
84
complexes of many first transition series metals have also been reported*
B-Mercaptoquinoline(VII) forms very stable chelates with Class B metals
and many of its complexes and those of its derivatives have been reported*^’^
Thioamidopyridine(VIIl) forms high-spin complexes with bivalent iron, cobalt,
and nickel® Complexes of cobalt(lll), copper(ll), zinc(ll), cadmium(ll)
87
and mercury(ll) are also known* 2-(2-mercaptoethyl)pyridine(IX) has been 
found to give innercomplexes with bivalent nickel, palladium and platinum, 
as well as bridged binuclear and trinuclear complexes*^
-  18 -
SH
VII VIII
NH
2
N
CV CV SH
IX
Thiosemicarbazide (H N»CS*NH*NH ) can act as a neutral oir as a
2 2
negatively bharged ligand and several complexes have been reported*^9*90,91 
A similar ligand, dithizone(X) has been used in analytical chemistry because 
it forms highly coloured low-spin complexes, particularly with Class B 
metals* Dithioxamide(XI) forms insoluble complexes which are polymeric,^ 
and it can be used as analytical reagent*
CrH ~ N  = N -  C = N -  NHoO-H 
6 5 | 65
SH
HNX SH
HS
XI
Complexes are known of other sulphur-nitrogen donor ligands such as 
guanylthiourea (H N*CS*NH«C*NH*^KU')^ p-aminothioothers (RS0CH^*CH^NH^) ^
95and C-methylthioquinoline(XII)•
XII
N SCH^
(4) Chelate Ligands Containing Only Sulphur Donor Atoms:
Stable complexes of nickel with a-dithiols including ethanedithiol 
96have been reported* Several metals form strong complexes with similar 
aliphatic dithiols have also been reported.
The dithio-oxalate ion has long been known to form anionic metal
97complexes with several Class B metals, and x-ray structure determinations
and spectral studies of its complexes have been discussed©^
Complexes of unsaturated a-dithiols, such as maleonitriledithiol
(MNT) with divalent metals nickel, palladium, platinum, copper, sine and
cobalt have been reported, and a detailed survey of metal complexes with this
104
ligand have been given* Davison and co-workers have reported three
104similar series of complexes related by electron-transfer reactions* More
recently nickel complexes containing the unsubstituted cis-dimercaptoethylene
u 4. j 105,106ion have been reported* 1
tri
Complexes of toiuene-3-4-dithiol (TDT) and raaleoni|Ledithiol (MNT) are
very similar and both ligands have been stated to be ideal for stabilising
the square planar g e o m e t r y * ^ C O ( T D T ) i s  the first example of
a high-spin, square planar d^ complex® ^ o C M NT)^^ on the other
hand is diamagnetic in the solid state and in cyclohexanone, although in
dimethylsulphoxide a magnetic moment of 2*8l B*M* is observed*
Tris (MNT) complexes with several metals have been reported*
These tris-oomplexes are similar to the related bis-coraplexes in that they
contain metals stabilized in several oxidation states, which can be inter-
112
converted by oxidation-reduction reactions*
Several tri valent metals**'*’1^  form neutral tris-complexes with
the dithiobenzil ion* Neutral tris-complexes with toluene-3,4-dithiol and
11*5^117
cis-dimercaptoethylene ion have also been reported*
The thiol thioether ligands form square planar diamagnetic complexes
n o  229
with divalent nickel, palladium and platinum, 1 and several sulphur-
77 120
bridged compounds can also be formed® 1 Stable dithioether complexes
are formed with most Class B metals and several other metals including
121 122 
cobalt* However, divalent nickel does not readily co-ordinate with
4-methyldithioveratrole* Dithi.oether complexes are similar to those formed 
from unidentate thioethers, although in general they are more stable*
Xanthates(XIIl) dithiocarbamates(XIV), dithiophosphates(XV) and 
several related ligands mentioned beloif form four membered chelate rings, 
and many complexes frith divalent and tri valent metals have been reported*
R A R------ o
\
R -0 — C' N C .
\  r /  R-
XIII XIV
The xanthate canonical structure with a carbon-oxygen double bond(XVl) 
Contributes only a small amount to the structure of xanthate complexes*
This is in contrast to the dithiocarbaraate complexes -whose strong absorption 
band at 1542-1480 cm * indicates a large amount of double bond character in 
the carbon nitrogen bond. Also the dipole moments of xanthate
R
R  6 C"' ~M yf ^  C = N +"
P
R
XVI
complexes are much lower than those for the corresponding dithiocarbamate
complexes* Because of different charge distribution it has been suggested
that the dithiocarbamate should have a greater ability to form a -bonds,
thus accounting for the greater stability of dithiocarbamate complexes
123compared to xanthate complexes* A detailed survey of xanthate complexes
has been given.126
Ain of Work
The main aim of the work was to enlarge the chemistry of complexes 
containing sulphur-donor ligands, but because of the large number of possible 
ligands studies were restricted to complexes of various substituted thioureas 
and di thio carbamate s 0
(a) Thiourea Complexes: Certain thiourea-cobalt(II) complexes 
^o(tu)^Clg, Co(tu)^Br^^ have been reported to be five-coordinate whereas 
they might have been expected to be tetrahedral# Some substituted thiourea- 
nickel(II) complexes /Ni(d e t u ) , where X = Cl, Br and IJ  are said to 
exhibit high-spin/low-spin equilibria# The aim of this part of the work
was to repeat the synthesis of these compounds and check these unusual results#
(b) Dithiocarbamato-Complexess Compounds of bivalent manganese, iron,
cobalt, nickel and copper are very well known although many aspects of
iron(Il) complex chemistry are relatively unexplored# The chemistry of
chromiura(ll) has been enlarged Recently, mainly in this Department, but the
chemistry of titanium(ll) and vanadium(ll) is much less well known# In
these oxidation states , these metal ions are exceedingly sensitive to aerial
oXidation# The aim of this part of the work was to synthesise new complexes
of chromium(ll), iron(Il) and vanadium(II) with sulphur-donor ligands,
especially dithiocarbamates , since except for a brief description of the
the
preparation of FeCS^CNEt^)^ and CrtegCNEtg)^, and a report of^reflectance 
spectrum of the latter, nothing is known of these and similar compounds# The 
chromium(ll) compound was said to be too air sensitive for magnetic 
investigations to be carried out# No vanadium(II) dithiocarbamates 
have been reported# Thus it was decided to study the methods of preparation
of these compounds, their magnetic susceptibilities over a range of temperature, 
reflectance spectra, and infrared spectra in order to determine their 
structures#
CH_APTER_2_ 
EXPERIMENTAL TECHNIQUES
(1) PREPARATIVE METHODS
Owing to the high sensitivity to oxygen of complexes of bivalent
row
firstjtransition elements such as chromium(ll), iron(ll) and vanadium(Il),
all the compounds were prepared under purified dry nitrogen using
104,126
apparatus described previously* Diagrams of the nitrogen line and 
related apparatus used in the preparation of air-sensitive complexes are 
given in Figure 1*
Any apparatus was evacuated and flushed three times with nitrogen 
before use, and whilst in use was always kept under nitrogen or constant
1<
pumping* Solid chromium(ll) salts were prepared as mentioned previously, 
and used as parent substances* The iron(Il) complexes were prepared from 
iron(ll) sulphate heptahydrate, whilst vanadium(ll) complexes were prepared 
from the chloride and bromide* A diagram of the electrolysis cell is 
given in Figure 2, and preparations of vanadium(ll) salts are described 
below*
Vanadiumt XI)chloride. VC12«^H2°
Vanadium pentoxide (20*0g) was dissolved with heating in the 
minimum amount of concentrated hydrochloric acid* This solution was 
evaporated to dryness, and the resulting solid was dissolved in water*
This solution was filtered to remove any solid impurities* The filtrate 
was concentrated and a solution containing lg* of vanadium per 50 ml* was 
made* At this stage sufficient concentrated hydrochloric acid was added 
to make the acidity 0*5 M*
A portion (100 ml*) of the stock solution was electrolysed in the 
electrolysis cell shown in Figure 2* During the electrolysis current and 
voltage -were kept constant at 3 amp* and 20 volts respectively* Platinum
wire in 0*5 M hydrochloric acid was used as the anode* During the 
electrolysis six or seven additional amounts of 0*5 M hydrochloric acid 
were added to the anode compartment to complete the reduction of the blue 
vanadyl chloride solution to the violet vanadous chloridfe solution. Total 
time of electrolysis was 6 hours*
The violet solution was then transferred into the special vessel 
shown in Figure and concentrated to 15 to 20 ml* by vacuum at 45°C.
Hydrogen chloride was passed into the solution until blue crystals separated* 
Heat was liberated on passing hydrogen chloride through the solution* This 
was controlled by cooling the solution now and then with acetone/carbondioxide* 
The steel blue crystals which separated at this stage were filtered off, 
and washed with acetone which had been saturated with hydrogen chloride gas*
The blue solid was then dried by continuous pumping for 3 hours and sealed 
in tubes, and used for the preparation of vanadium(ll) complexes*
Vanadium(ll) bromide, VBr^.SH^O
Vanadium pentoxide (20g*) were dissolved in 50 ml* concentrated 
AnalaR hydrobromic acid (Sp*gr 1*49) the resulting solution being 
evaporated to dryness* The blue mass was dissolved in water, and then 
filtered* The black residue was rejected* The solution was made up 
to 500 ml* (lg* vanadium per 50 ral«), and about 50 ml* concentrated 
hydrobromic acid added before the start of electrolysis*
A portion (250 ml*) of the stock solution was placed in an
electrolytic cell as described in Figure 2* The current was set at 3 amp*
and 30 volts* Concentrated hydrobromic acid (15 ml*) was added to
250 ml*,of stock solution before the start of the electrolysis to prevent
hydrolysis* The anode compartment was filled with 15 to 20 ml* of
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concentrated hydrobromic acid® A stream of nitrogen was passed into the 
anode to prevent blockage of the sinter by liquid bromine® The anode liquid 
had to be changed about seven times for complete reduction of blue vanadyl 
solution to the violet vanadium bromide solution* Total time taken to 
complete reduction v/as 7 hours® The violet solution was then transferred 
into the special vessel, as mentioned in the case of vanadous chloride (Pig® 3b), 
and evaporated to dryness under vacuum at &5°Ct, Temperature higher than 
50°C« caused decomposition of the solution and produced a mixture of a 
violet and green solid. The violet solid was shaken with previously 
deoxygenated ethyl, acetate, filtered off, washed with ethylacetate and 
dried for three hours under continuous vacuum® The solid was sealed in 
tubes and used for the preparation of vanadium(ll) complexes®
(2) ANALYTICAL METHODS
Microanalysis for carbon, hydrogen and nitrogen of complexes of 
chromiura(Il) and vanadium(ll) were carried out by A® Bernhardt, Max Planck 
Institute, Mulheim, Germany, while the complexes of iron(ll), cobalt(ll) and 
nickel(II) were analysed by the University of Surrey, Microanalytical Unit, 
Metal and halogen analysis were carried out at least in duplicate, and 
some times in triplicate® Duplicate results always agreed to 1®5% or 
better® Standard methods'*' were normally used®*
(a) Cobalt r
The complex (0®lg®) was dissolved in water (100 ml®). To 
this neutral solution (l®0g®) ammonium thiocyanate (A*R®) v/as added and 
cobalt was precipitated as the complex ^ CO(C^H^N)i^ 7(SCN)2® This was
filtered off on a sintered glass crucible, washed with the solutions 
specified by Vogel'*' and dried in a vacuum desiccator for 30 minutes.
(b) Nickel:
The percentage of nickel present in the complex was determined 
gravimetrically with dimethylglyoxitne. In every determination it was 
necessary to remove all organic material before proceeding with the metal 
analysis. A weighed sample of the complex (0.1-0.2 g.) was treated with 
a mixture of concentrated sulphuric acid (8 ml.) , concentrated nitric 
acid (6 ml.) and concentrated perchloric acid (1 ml„). The resultant 
mixture was evaporated to dryness to eliminate all organic matter. The 
inorganic residue was then dissolved in 200 ml. of warm water. If the 
residue had a tendency not to dissolve, it was treated with a little aqua 
regia. The standard procedure was then carried out.
(c) Iron:
The complex (0.2 gc) was combusted to Fe 0 in a silica crucible
& 3
with a few drops of concentrated nitric acid and concentrated sulphuric 
acid.
(d) Chromium:
104Four different methods have been used for the determxnation 
of chromium. It was determined by precipitating chromium as chromium 
hydroxide and igniting-it to chromic oxide in a silica crucible. This 
method failed to give good agreement with the theoretical percentage or 
within duplicates with the compounds studied here. Heating the complex 
(0.3 So) to CrgO^ directly with a few drops of concentrated nitric acid and
concentrated sulphuric acid in a silica crucible gave acceptable results*
(e) Vanadium:
The complex (0o 1-0«,2 g.) was destroyed by evaporation to 
dryness with concentrated sulphuric acid (10 ml*), concentrated nitric 
acid (5 ml*) and concentrated perchloric acid (12 ml.). Perchloric 
acid (30 ml*) and 1 ml* of concentrated sulphuric acid were then added, 
and the solution heated for several hours to oxidise the vanadium to the 
pentavalent state* The solution was then cooled, diluted, and phosphoric 
acid (10 ml*) added* Excess 0*03 N ferrous ammonium sulphate solution 
was added and the solution titrated with 0.05 N potascium permanganate 
solution using B»D.H. 1,10-phenanthroline-ferrous sulphate complex as the 
indicator*
(f) X.As AgX: where X - Cl, Br and I*
By fusion:
The complex (0*1 g«) was fused with a mixture (2:1) of
sodium carbonate and potascium carbonate in a nickel crucible for one hour*
The fused mass was dissolved in nitric acid (3 N) and distilled water (the
amount of nitric acid added was sufficient to destroy the carbonate
completely)* Since the solution was not clear it was filtered. The 
filtrate was treated with sufficient 0.1 N silver nitrate solution for 
complete precipitation* The suspension was warmed for an hour on a 
steam bath, and was then filtered. The precipitate was washed with 
distilled water containing a small amount of nitric acid and dried at
(3) MAGNETIC MEASUREMENTS:
The Gouy method was used to measure the magnetic susceptibility,
usually over the temperature range 90° - 30(Pk » The construction of the
127balance has been described previously® The temperature was controlled
128
by means of a cryostat which was very similar to one reported earlxer.
The sample tube was suspended as shown in Figure 4, and the temperature 
was measured by a thermocouple near the centre of the tube* If the solid 
was air-sensitive the sample was sealed under vacuum® The weight of the 
sample was checked after the measurements had been carried out, by breaking 
the tube, cleaning the two ends, and subtracting their total weight from 
the total weight of the tube and the sample® All measurements were carried 
out under nitrogen which has negligible magnetic susceptibility. The gram 
susceptibilityis given by the expression:
v  - Zslz
K  D ~ 2y VJH
where g = acceleration due to gravity 
1 = length of sample
w *s change in weight on application of the field
V = weight of sample
H = field strength*
The diamagnetism of a glass tube varies with temperature, so each
was calibrated between 80° and 300^K®, and the changes in weight of the
tube alone were subtracted from w before substitution in the above formula.
The gram susceptibility was multiplied by the molecular weight to give the
molar susceptibility ^  ,and a correction applied for the diamagnetism
129of the ligands to give the corrected molar susceptibility *)( •
- 33 -
The effective magnetic moment j was then calculated using the formula:
v *  = 2-84
where T = absolve temperature
(4) INFRA-RED AND VISIBLE SPECTRA:
Infra-red mull spectra were obtained on a Unicam SP*200, and a
Giu bb Parsons 1spectromaster1 spectrophotometer* Sodium chloride windows
were employed for the former instrument, and potassium bromide windows with 
>'
the latter* The Perkin-Elmer 4$7 instrument was also used for the IR spectra
of chromium(ll) complexes* Air-sensitive complexes were mulled in a dry-bag
filled with dry nitrogen*
Diffusion reflectance spectra were recorded on a Unicam SP«700
spectrophotometer using lithium fluoride as the reference* For the very
air-sensitive complexes of chromium(ll), iron(II) and vanadium(ll) the
cell shown in Figure 5, which was sealed under vacuum, was used* Spectra
were recorded at liquid nitrogen temperature using the attachment previously
130
described by Butcher*
(5) LIGANDS AND REAGENTS:
AnalaR reagents were used without further purification* All the 
dithiocarbamates used in this work except hydrated sodium dimethyl d ithio- 
carbamate and sodium diethyldithiocarbamate were prepared by the following 
general reaction*^
-l
RR'NH + OH + CS = RR*NCS + H O
2 2
METHOD:- The secondary amine was dissolved in chloroform, and the 
solution was then added to stirred aqueous sodium hydroxide (40%) to which 
CS was very slowly added* The white solid which separated at this stage 
was filtered off, washed with light petroleum ether and dried under vacuum* 
The dithiocarbamates prepared by this method as sodium salts are given 
belo w
(1) Dipropyldithiocarbamate
(2) Dibutyldithiocarbamate
(3) Pyrrolidylidithiocarbamate
(4) Dibensyldithiocarbamate
(5) Di cyclohexyidithio carbamate
(6) Monobensyldithiocarbamate
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CHAPTE_R_ 3
.THIOUREA COMPLEXES OF COBALT IT
INTRODUCTION
The chemistry of cobalt(ll) complexes of ligands with donor atoms
such as oxygen and nitrogen is well known, but little is known about
complexes of ligands containing sulphur donor atoms. One of the simplest
ligands of this type is thiourea, and thiourea complexes of cobalt(ll) wore
131apparently first studied by Rosenheim and Mayer, who prepared C(^tu)^Cl^,
Cc(tu)/ (N0_)o, and Co (tu) (SO.)n® The first compound Go(tu) Cl_ was 
% 3 2 is 3  ^“ & &
reported1*^ to exist from a study of the phases of the CoCl^-thiourea water 
system at 35°, Both C£>(tu) 2cl2-7 are blue* and Cc^ tu 7^C14
t -6 _ ,
was stated to have a molar magnetic susceptibility of 17,420 x 10 Cog®5vU 
at 35° with a magnetic moment of 3©77 B,M» These two numbers are inconsistent, 
since assuming the susceptibility to be correct gives ]i ^  -  4066 B®M® per
© X JL
cobalt atom* For Co(tu) Cl0 the molar susceptibility was reported to be
O Cl
6719 x 10‘6 C*g oS.U at 35° giving a moment of 4,05 B0M0 A moment of this
magnitude is inconsistent with any of the three possible structures:
133 13^ ’ 102octahedral, tetrahedral or! planar. The compounds Gb(tu)p, (NCS)^
and Co(tu).Cln have been assigned tetrahedral structures by Nardeili
et ai-^ *^9,48,135 It has also been shown^ that Co (tu) Cl. is actually
2 7 4
Co*(tu)^Cl2® Cotton, Faut and Hague have shown by spectroscopic and magnetic 
studies that complexes Co(tu)gCl2, Co(tu)2Br2, C^1°4 2^ S and
^/C^tu) S O c o n t a i n  tetrahedrally co-ordinated cbbalt
Dash and Raman Rao have considered1*^ that the complexes Co(tu)^Cl2 
and C-°(tu) Br0 are five co-ordinate, but later from physical investigations
3 2
137
it was thought that these complexes were pseudo-tetrahedral®
Bis(thiourea) complexes of cobalt(ll) chloride, bromide, and iodide; 
and tetrakis (thiourea) complexes of cobalt(ll) chloride are known, but 
nothing has been reported about tetrakis (thiourea) complexes of cobalt(ll)
- 39 -
bromide and iodide* Moreover, nothing is certain about the structure of 
dichlorotris(thiourea)cobalt(Il). To confirm the structures of all these 
complexes, we have prepared for comparison certain thiourea complexes of 
cobalt(II) halides of known structure*
BXPE3IMSNTAL
The blue compounds dichloro- and dibromo-bis(thiourea)cobalt(II) were
prepared by mixing hydrated cobaltous halides and thiourea, dissolved in
n-butyl alcohol, in the ratio 1:2.* Benzene was used to precipitate the
complexes* The blue dichlcrotris(thiourea)cobalt(II) was prepared by the
136
method of Dash and Raman Rao0 Dibromo- and diiodo-tetrakis(thiourea)- 
cobalt(II) were prepared by refluxing the mixture of cobaltous bromide 
or iodide and thiourea using absolute ethanol as a solvent* The tetrakis- 
compound separated when either 1:4 or 1:2 metal/thiourea ratios were used*
Here chloroform was used to precipitate the light blue bromide and the 
light green iodide.
1» Dichloro~bls(thiourea)cobalt(II):-
Hydrated cobalt(ll) chloride (4*75 9») was dissolved in 40 ml. 
of hot n-butyl alcohol and thiourea (3*04 g.) added* The mixture was 
heated until all the solid had dissolved* After the solution had cooled 
to room temperature, benzene was added until a slight permanent turbidity 
was produced* On further cooling in an ice bath, a blue solid separated*
This was filtered off and dried under vacuum*
CtoN4H8C2S2C12 re^uiress Co9 2(>°90; Cl, 25*195 C, 8.5I; Ht 2*84; and N, 19*9.
Found: Do, 20*86; Cl, 24*80; C, 8.43; H, 2*74; and N, 19*79%
2. Dibromo-bis(thiourea)cobalt(IX):
Hydrated cobalt(ll) bromide (3*0 g.) was dissolved in 30 ol» of 
hot n-»butyl alcohol and to this solution thiourea (1.12 g») was added. The
mixture was heated until all the solid had dissolved. The dark blue
solution obtained was cooled to room temperature and then benaene was added 
until a slight permanent turbidity was produced. On further cooling in an
ice bath, a blue precipitate was obtained. This was filtered off and dried
under vacuum.
CoN^HgCgS^Br^ requires: Co, 15.90; Br, 43.11; C, 6.46;
Found: Co, 15.86; Br, 43,63; C, 6.59;
3. Dichloro~tris(thiourea)cobalt(II):
Hydrated cobalt(II) chloride (1,3 g,) and thiourea (2,2 g.) in
30 ml of dimethoxypropane and 50 ml. of absolute ethanol were refluxed together 
over a steam bath for an hour, and then the solution was concentrated to 
nearly 10 ml. The resulting clear deep blue solution was cooled in an 
ice bath and stirred vigorously with chloroform, when an oily solid appeared.
This oily solid vtslb again stirred with chloroform for one hour at 0°C., 
the solvent rejected and the process repeated three times to remove alcohol
completely. Then deep blue crystals formed. These were filtered off,
washed with chloroform and petroleum ether, and dried under vacuum,
CoN,H C SnCl requires: Co, 16.46; Cl, 19*84; C, 10.06; H, 3,35 and N, 23.47
o 12 j Ci 2
Found: Co, 16.68; Cl, 19.81; C, 9*88; H, 3.16 and N, 22,89% 
Qibromc tetrakis(thiourea)cobalt(II)I
Hydrated cobalt(II) bromide (2.38 g.) and thiourea (2,2 g.) were 
refluxed in (50 ml.) absolute ethanol on a steam bath for an hour, and then
H, 2.16 and N, 15*U, 
H, 2.10 and N, 15.05%.
the solution was concentrated nearly to 10 ml. The resulting clear deep 
blue solution was cooled in an ice bath and stirred vigorously with 
chloroform (30 ml.) when an oily solid appeared. This oily solid was again 
stirred with chloroform for one hour at 0°C, the solvent rejected, and the 
process repeated three times to remove alcohol completely, when blue 
precipitate was formed. This was filtered off, washed with chloroform and 
petroleum ether and dried under vacuum. This compound was expected to 
be dibromotris(thiourea)cobalt(II), but the analysis agreed with the 
formula dibromotetrakis(thiourea)cobalt(II), C~:,8Hl 6 W r3
requires: Co, 11.27; Br, 30-56? 0? 9-18; H, 3-06 and N, 21.42.
Found: Co, 11.02; Br, 30.72; C, 9-32; H, 2.99 and N, 21.45%.
5 « pii.qdo’--'-tetrakis ( thiourea )cobalt(II):
This compound was prepared in the same way as the 
dibroraobis(thiourea)cobalt(II), from hydrated cobalt(ll) iodide (2.0 g.) 
and thiourea (1.74 g.) OoNgK^C^S^Ig
requires: Co, 9©56? 41.15; C, 7-78; H, 2.59 and N, 18.16.
Found: Co, 9.37; I, 40.04; C, 7-75; H, 2.44 and N, 18.27% .
RBSUJ,TS AND DISCUSSION
(1) I n f ' r a > red gp^otra
The assignment of the infra-red absorption bands of thiourea
43,138-
and some of its complexes has been carried out by a number of workers 
and the moot probable assignment of each vibration is shown in Table 2.
The N-H stretching frequencies in the spectrum of thiourea were 
not shifted to lower frequencies on the formation of the metal-thiourea
141complexes. This indicates that nitrogen-to-metal bonds are not present,
and therefore the bonding in these complexes must be between the sulphur
and metal atoms.
The formation of S *—»-I4 bonds is expected to increase the
contribution of the highly polar structure (XVIII and XIX) to the thiourea
molecule, resulting in a greater double bond character for the nitrogen-to-
carbon bond and greater single bond character for the carbom*to-sulphur 
104bond.'
tS
TT H K* H_N
2 XVII 2 XVIII 2 + XIX
The assignment of the absorption bands for metal thiourea complexes
follows.
(i) The bands observed in the 3300 cm. * region are assigned to 
the N-H stretching vibrations. These bands are sharper in the spectra 
of the raetal complexes than in thiourea, Figure 6. This suggests that 
hydrogen bonding is much reduced in the co-ordination compounds.
(ii) The bands observed at about 1600 cm. * correspond to the 
bands of thiourea of almost the same frequency and can be assigned to 
the NH_ bending vibrations.A
(iii) The bands observed at about 1500 cm. * correspond to the 
1472 cm. band of thiourea which has been assigned to the N-C-N 
stretching vibration. The increased frequency observed for the 
complexes can be ascribed ±0 the greater double bond character of the 
carbon-to-nitrogen bond on conplex formation.
TABLE _ 2 _
INFRARED ABSORPTION FREQUENCIES OF Cobalt(JDTHIOUREA
COMPLEXES
THIOUREA C o (lu)gC 1 g CO (tU)gClg C o (tu)g B Tp Co (tu)4 Br2 Co(tu)4 l2
3 4 0  0  s 3 4 9 5 S 3 4 7 0 s 3 4  1 0 s 3 4 5 0 s 3 4 0 0 s
3 3 0  0  s 3 3 8 8 s 3 3 8 0  s 3 3 4 0 s 3 3 7 0  s 3 3 1 0 s
3 2 0  0  S 3 2 9 5 s 3 2  8 0  S 3 2 2 0  S 3 2  5 0 Sh —
— .— — — 3 1 8 0 s 3 1 6 0  S
2 70  O m 2 7 0  0  VW 2 7 OOVW 2 7 0  OVW 2 7 0  0 W 2 7 0 0 W
1 6 2 0  s 1 6 3 2  S 1 6 3 0 S 1 6 2  2  S 1 6 4 0 S 1 6 2 2  S
— 1 6 2 0  S 1 6 18  S 1 6 0 2 S 1 6 2 2  S 1 6 1 8 S
1 4 7 2 sh 1 5 1 0 m 1 5  1 5vw 1 5  1 0 m 1 5 2 0 Sh 1 5 1 0 Sh
— 1 5 0  0 m 1 4  8 Ovw 1 4  8 2  v w 1 5 0 5 m 1 4  9 8 Sh
1 4 2 0 m 1 4 4  2 S — 1 4 4 0 sh 1 4  2 5  S 1 4  1 0 m
— — — 1 4 1 2  sh — —
— — — 1 4 0 2 WV — —
1 0 8  8 S 1 1 0 0 1 0 9 8 m 1 1 0  2 v w — —• .
7 3  5 S 7 1 5  S 7 2  Osh 7 1 O v w 7 2 l m 7 1 5  m
— — 7 1 5  S 6 9 8  S 7 0 2  m 6 9  0  m
— — 6 7 0 — — —
S SHARP W  WEAK
Sh SHOULDER V W  VERY WEAK
m  m e d iu m
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(iv) The bands at about 1400 cm. correspond to the 1420 cm.
band of thiourea which has been assigned to NH^ rocking vibration, and 
N-C-N and C - S stretching vibrations. The nature of the vibrations is 
changed slightly on co-ordination through the sulphur atoms#
(v) A sharp difference in the spectrum of thiourea and the
-1
spectrum of its complexes appears in the region of 1100 cm. A strong 
absorption of thiourea at 1088 cm. * is extremely weakened, Figure 7> or 
disappears, Figure 8, on complex formation. This can be explained by a 
considerable change in the nature of the N-C bond as well as of the C = S 
bond on co-ordination of thiourea through the sulphur atom.
-1(vi) The bands observed at about 700 cm. in the spectra, Figure 9j 
of the complexes correspond to the 735 cm. * band of thiourea. The lowering 
of frequency can be attributed to the reduced double bond character of the 
C = S bond.
(2) Absorption Spectra
The most common geometries of cobalt(II) complexes are four-
co-ordinate tetrahedral and six-co-ordinate octahedral. Furthermore, true
cubic symmetry is lost immediately v/hen more than one type of ligand enters
the co-ordination sphere. The colour of the complex is not always a useful
142criterion of stereochemistry, e.g. CogSiO^ is purple and octahedral
143and Codipivaloylmethanide is pink and tetrahedral. The most careful
theoretical explanation of the spectra of cobalt(II) complexes is due to
144 / \ . .Liehr. The energy level diagram for tetrahedral cobalt(II) is given
in Figure 10 and, as expected, three electronic transitions are observed
from the ground state 4^ •
ENERGY LEVEL DIAGRAM FOR TETRAHEDRAL d
FIG 10
TABLE _3_
REFLECTANCE SPECTRA FOR Co (o)THIOUREA COMPLEXES
COMPOUND \?2 Cm^ V3 Cm1 At Cm fi 8
CoH 2ci2 7 4 0 0 1 5 4 0 0 41 20 6 9 6 -1 2
Co(tu)3CI2 7 3 0 0 1 5 2 0 0 4 0 7 0 6 9 3 - 1 0
Co (tu)2B r2 7 2 0 0 1 4 6 0 0 401 0 6 5 2 - 7
Co(tu)4B r2 7 3 0 0 1 4 5 0 0 4 0 7 0 6 4 7 0
Co (tu)4 l2 7 4 0 0 1 4 5 0 0 4 1 2 0 6 3 7 0
Co(tu)4(ci04) 2 7 2 0 0 1 4 5 0 0 4 2 5 0 6 0 0 - 9
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Dash and Raman Rao have reported the preparation of the complexes
Co(tu) X0 (X a Cl, 3r)* These authors suggested that these complexes involve 
3 2
five-co-ordinated cobalt(II). This co-ordination number is rather unusual
for 36 bivalent transition ions, and appears to be attained as a result of
steric and crystal forces, rather than by an inherent tendency towards this
co-ordination, in particular ligands which favour a five co-ordinate arrangement
145-147
possess highly electronegative donor atoms, such as oxygen or nitrogen*
The electronic spectra of the blue Co(tu)^Cl2, light blue OoCtuJ^Br^,
and light green GcCtuJ^I^ indicate that they are four co-ordinate,
pseudo tetrahedral complexes© The bands in the visible and near infra-red
can be assigned respectively to the 4 (p) and 4, *4„ (f ) transitions©^
2 ““*■ T1 ~2 2 
The ligand field splitting parameter and the inter electronic repulsion
parameter B of all these complexes closely parallel the same parameters
- _ L _ ,o J[, O
for /f’o i t u ) * CoCtuJgCl^, and Co^u^Br^, as given in Table 3»
It is of interest to note that for spin-free, five co-ordinate cobalt(II)
149complexes markedly different spectral behaviour should be observed©
Reflectance spectra of all these complexes show intense absorption in the
600 - 750 m]i region as reported for tetrahedral pyrazine and 2j5 dimethyIpyrasine
complexes of cobalt(II} The reflectance spectra of CoCtu)^Clg, Co(tu)^
Br^, and Co(tu)^Ig closely parallel those of the tetrahedral complexes 
Co(tu) Cl and Cd(tu)0Br , Table 3©
cj C* dx Cd
(3 )  Magnetism
The magnetic moments (p,) of bivalent cobalt compounds fall 
into two classes, (i) spin free, and (ii) spin-paired© The moments of
these classes lie in the ranges 4©3 -  5*>6 B©M© , and 1©8 -  2©9 B©M«
133 2+ 7respectively© The ground term of the CO ion (d ) is 4^, there are three
unpaired electrons, and the free ion term is seven-fold degenerate with
respect to the electric field. An octahedral arrangement of donor atoms
about the central cobalt ion gives rise to cubic symmetry which splits the
seven levels of the F state into two orbital triplet sets and a singlet one,
-1with separations between those of the order of 20,000 an. One of the
triplets lies lowest (de^d^). The orbital angular momentum of the ion
151 7results from orbital degeneracy. For this d three spin system, the
 1
magnetic moments should lie somewhere between the limits p. = /ais + i)/2 = 3.88B.M.
MM m M ^
ftnd,p. ss £,4-S(S + l) + L(L + l)/2 = 5«2 B.M., where S and L represent the total
spin and orbital angular momentum vectors respectively. The actual value
depends upon the moment of L remaining associated with the ground state orbital
triplet.- Qu the other hand, when the ligand arrangement about the cobalt atom
is tetrahedral there is again a cubic field set up, but it is now of opposite
sign to that of the octahedral case so that in these circumstances the orbital
ground state is the singlet. As there is no orbital angular momentum associated
with the singlet level the moment for the system is expected to lie close to the
spin-only value. In fact some orbital contribution occurs in the tetrahedral
complexes, for experimental moments mostly lie in 'the range 3*9 “ 4.4 B.M.
This orbital contribution is considered to arise from the raixing-in of the
next higher orbital triplet level into the singlet by the operation of spin-
orbit coupling, and the spin only moment is multiplied by a factor (1 + 4A/3A )•
-1The value of A is probably about 5000 cm. for tetrahedral complexes and
A is the single electron spin-orbital couj)ling constant, 540 cm0 * The magnetic
moment is expected to be approximately 4.5 B.M.
The magnetic properties of these compounds have been investigated
between 80 and 300°K (Tables 4, 5i 6). The diamagnetic corrections, obtained
129 15?
from the literature, 1 and the Curie Weiss constants, 0 are given in
Table 3 along with some other properties of these compounds* The magnetic
results show that these are tetrahedral, high-spin cobalt(II) complexes
*•1(u 4*5 - 4*7 B.M.). Their plots of . against T are straight lines
eff A
passing through the origin, i,e* they obey the Curie law, Figures 11 and 12.
Dichlorotris(thiourea)cobalt(II), on the other hand, obeys the Curie-Weiss law 
with a small © value (Figure 13)® The magnetic moments of all these complexes 
remain constant through the temperature range studied. The reflectance 
spectra of these complexes show that the cobalt(II) ion is tetrahedrally 
coordinated* All these complexes have slightly higher moments than the 
usual experimental values for tetrahedral cobalt(II)* Dichlorotris(thiourea)- 
cobalt(II) is tetrahedrally co-ordinated; the smal- departure from the
Curie law and the small Curie-Weiss constant must be due to minor
antiferromagnetic interactions*
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JABLE_4
o
T K X  x 106 A
-i  - 2
>Xx 10 He B M
2 9 5 '  1 8 9 4 6 1*118 4*61
2 6 2 * 6 9 9 5 4 1*010 4*59 Co(tu)4 Br2
2 3 0 - 1 11269 0-8876 4*57 DIAMAGNETIC CORRECTION
1 98 * 5 126 9 9 0*7874 4*51 - 6-2 2 9 X 1 0
1 6 6 - 0 15419 0-6485 4*55
1 35 * 3 190 2 9 0-5255 4*56 .
1 0 3 - 5 2 4 5 2 9 0-4077 4*53
9 0 - 0 2 8 1 2 9 0*3555 4*52
JABLE _5_
T° K ^ x l O 6
-1 -2 X x 10 
A He B M
295-4 8 8 1 6 1*134 4 *58
262-6 9 8 5 8 1*014 4 * 5 7 Co(tu)^ l2
2 3 0 *  1 110 6 7 0*8966 4 * 5 3 DIAMAGNETIC CORRECTION
1 9 8 * 5 13177 0-7588 4 *59
-6
-2 5 7 X 1 0
1 6 6 * 8 151 97 0*6580 4 * 5 2
1 35* 1 190 9 7 0*5236 4 * 5 6
1 0 3 * 5 243 2 7 0-4111 4 *53
8 9* 8 2 8 0 8 7 0*3559 4*51
TABLE 6
T ° K X  x 106 X~]x 102 A |4e B M
2 9 5 - 3 9 5 1 4 1*051 4-76
2 6 2 - 5 1 0 7 2 6 0-9326 4 * 7 6 Co(tu)3CI2
2 3 0 - 1 120 9 6 0-8271 4*7  4 DIAMAGNETIC CORRECTION
198 -5 13 856 0-7219 4 -7  1 -166X10
1 6 6 - 0 1 6 3 5 6 0-6128 4-67
1 3 5 - 3 2 0 0 1 6 0-4976 4-6  7
1 0 3 - 3 2 5 6 1 6 0-3904 4-6  7
8 9 - 8 2 9 2 6 6 0-3417 4-6  1
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CHAPTE_R_4
SUBSTITUTED THIOUREA COMPLEXES OF NICKEL II
INTRODUCTION
131Rosenheim and Mayer reported the preparation of the first examples
of compounds containing nickel(II) and thiourea* Characterization studies
since then have shown such compounds to contain octahedrally co-ordinated
nickel bonded to the sulphur atom of the thiourea. 5 More
recently, a number of compounds of nickel(II) v/xth substituted thioureas
58have appeared in the literature. Holt and Carlin have shown that a 
variety of stereochemical arrangements are possible for nickel(II) in such 
complexesj for example, octahedral in ^ Ni(ethylenethiourea)^yr(C10^)2,
j^Mi (N-N1 -diethylthiourea) 2  , and ^ i (napthylthiourea) ( CIO^)2 5 
square planar in N i ( n a p t h y l t h i o u r e a ^ E d i t i o n  tetrakis(diethylthiourea) 
complexes of nickel halides were found to have nickel ions in a tetragonal
1 R1?
ligand field, and showed anomalous magnetic behaviour. More recently,
Levitus and co-workers'*’'*^  ’ ’*’'*^  have prepared and characterized other octahedral 
nickel(II) complexes of substituted thioureas, using room temperature magnetic 
and spectral data. Infra-red analysis was used to establish the mode of 
co-ordination of the thiocyanate group in some of these complexes, but no 
discussion was given concerning the organic ligand* It is interesting to note 
that up to the present time all the nickel(II) complexes of this type for 
which structural data are available contain sulphur-bonded organic ligands, 
although metal ions such as platinum(ll), pulladium(ll), and copper(l)
158
have been found to be nitrogen-bonded to ligands such as N-methylthiourea
and N-N*-dimethylthiourea.*59,160 -j-n compio^.- Qf iron(ll) and substituted
l6l
thioureas, sulphur was the donor atom. Other substituted thiourea
162
complexes of nickel(II) have been prepared * and their structures 
determined by magnetic and spectral studies. Turiddu, Pietro and Claudio
163have reported preparations, and magnetic and spectral studies of new
complexes of nickel(ll) halides with, for example, sym-diphenyl-, sym-di-n-
-butyl-, sym-diallyl-thiourea.
However, there was nothing in the literature concerning dicyclohexyl-
thiourea and dibutylthiourea complexes of nickel(Il) halides*, Hence complexes
of those ligands with nickel(II) halides were prepared and investigated by
magnetic and spectral methodsa Some complexes of dibutylthiourea were 
163
reported during the course of this work*
(b) EXPERIMENTAL
Dihalo-tetrakis(dibutylthiourea)nickel(ll) complexes have been 
163reported in the literature, but in this work these complexes have been 
prepared by different methods, i.e« by refluxing hydrated nickel halides 
and dibutylthiourea in the ratio 1:4 in a solvent such as absolute ethanol, 
dimethoxy propane or n-propanol0 Petroleum ether was used to precipitate 
the complexes of dichloro- and di-iodo-tetrakis(dibutylthiourea)nickel(II), 
whilst bensone was used to precipitate dibromo-tetrakis(dibutylthiourea)- 
nickel(II).
Dichloro- and dibromo-bis(dicyclohexylthiourea)nickel(II) have been 
prepared by refluxing hydrated nickel halide and dicyclohexylthiourea in the 
ratio 1:4 with n-propanol as a solvent* The chloro-corapound precipitated 
out on refluxing whilst the bromo-derivative precipitated on addition of 
sodium-dried diethyl ether* Dibrornohexakis(dicyclohexylthiourea)nickel(II)
was prepared by concentrating the refluxed solution; while di-iodo-hexakis- 
(dicyclohexyl thiourea) nickel (II) was prepared by adding the refluxed solution 
of hydrated nickeliodide in 2-21dimethoxy prdpane and absolute ethanol to 
the hot solution of dicyclohexylthiourea in absolute ethanolo
1. Pichloro-tetrakis(dibutylthiourea)nickel(II): Hydrated nickel
chloride (1*0 g*) and dibutylthiourea (3*16 0«) in absolute ethanol (50 ml.)
■were refluxed together on a steam bath for 45 minutes and then concentrated 
to nearly 25 ml* The resulting clear deep green solution was concentrated 
almost to dryness on a vacuum pump ~ * cooled in an ice bath and
stirred vigorously with petroleum ether when a green solid appeared. This
was filtered off, washed with petroleum ether, and dried in vacuum.
NiN8H8oC36S4C12 recluires! Nii 6*66» C1i 8«°5; ci ^9.0; H, 9.07 and N, 12.71.
Found: Ni, 6.68; Cl, 8.11; C, 48096; H* 9*07 and N, 12.58%
2* Dibromo-tetrakis(dibutylthiourea)nickel(IX)*, Hydrated nickel 
bromide (0*5 9.) and dibutylthiourea (1.95 9*) were dissolved respectively 
in 2,2 dimethoxy-propane (20 ml.) and n-propanol (20 ml.) and then refluxed 
for three hours* The solution was concentrated nearly 'to 15 ml. to give an 
oily liquid. Benzene was added and on cooling in an ice bath with constant 
stirring green crystals separated which were filtered off, washed with benzene 
and dried under vacuum.
NiNgHgQC^gS^Brr, requires: Ni, 6.04; Br, 16.46; C, 44.51; H, 8.24; and N, \U5^*
Found: Ni, 6.13; Br, 16.43; C, 44.42; H, 8.18; and N, 11.46%.
3. Di»iodo-tetrakis(dibutylthiourea)nickel(II): Nickel nitrate 
(0.69 g«) in absolute ethanol (10 ml.) was treated with sodium iodide (0.73 9«) 
in absolute ethanol (10 ml.). The solution was filtered and the solid sodium 
nitrate was discarded. To the filtrate, which contained nickel iodide, a hot 
solution of dibutylthiourea (17*88 g.) in (20 nil.) absolute ethanol was 
added. The resulting clear green solution was refluxed for 45 minutes, and
-  Qtf -
concentrated nearly to dryness on a vacuum pump• It was then stirred 
vigorously T/ith petroleum ether in an ice bath at 0°C. until a green 
precipitate appeared. This was filtered off, washed with petroleum ether 
and dried under vacuum.
retluiresJ Nii 5.52; I, 23.87; c, 40.6; H, 7.52 and N, 10.52.
Found: Ni, 5.38; I, 23.59; C, 40.12; H, 7.57 and N, 10.89%
4 Di-chloro-bis(dicyclohexylthiourea)nickel(II): A solution of
nickel chloride (0*5 g.) in n-propanol (20 ml.) was added to a solution of 
dicyclohexyl-thiourea (2.024 g.) in hot n-propanol (30 ml.). The mixture was
refluxed on a steam bath for 60 minutes when green crystals of the complex
separated* These were filtered off, washed with petroleum ether and dried 
under vacuum.
NiNjH48C26S2Cl2 requires: Ni, 9.65; Cl, 11.66; C, 51.18; H, 7.87 and N, 9*18
Found: Ni, 9.80; Cl, 11.98; C, 49.96; H, 7.86 and N, 9*0%
5. Di-brorao-bis(dicyclohexylthiourea)nickel(XI): A solution of 
nickel bromide (0.5 9*») in hot n-propanol (20 ml.) was added to a hot
solution of dicyclohexyl-thiourea (O.98 g«) in n-propanol (30 ml„). This 
was refluxed for an hour and then concentrated to 25 ml* To the solution 
‘ diethyl e t'heir fcodiurn dried) was added* At this stage a greenish yellow 
precipitate appeared which was filtered off, washed with diethylether (sodium 
dried) and dried under vacuum.
NiN4H43C26S2Br2 re(luires: Ni» 8*4l5 Bri 22.90; C, 44.67; H, 6.87 and N, 8.02
Found: Ni, 8.57; Br, 23.4-3; C, 43.67; H, 6.94 and N, 7*72%
6* Dibromo-hexakis(dicyclohexylthiourea)nickel(II): This was
prepared by the same method as dibromobis(dicyclohexylthiourea)nickel(II) 
by refluxing the solution of nickel bromide (1*0 in hot n-propanol 
(50 ml,) and dicyclohexylthiourea (4*0 g*) also in n-propanol (50 ml*) for 
an hour* The resulting clear solution was concentrated until a yellow 
precipitate of the complex appeared, and this vras filtered off and dried 
under vacuum*
NtN12HlJ«4C78S6Br2 re^uires: Nii 3.54; Br, 9.64; C, 56.45; H, 8*70 ahd N,10*24.
Found: Ni, 3.84; Br, 9.36; C, 56.63; H, 9 . H  ahd N, 8.6l%
7. Di-iodo-hexakis(dicyclohexylthiourea)nickel(II): Nickel
iodide was prepared by the same method as described in preparation 3« above*
To the filtrate 2-2 dimethoxypropane (20 ml*) was added, and the mixture 
refluxed for an hour, it was then concentrated to 20 ml. This solution 
was added to a hot solution of dicyclohexylthiourea (2.284 g.) in 
alcohol (30 ml*)* A yellow precipitate of the complex was deposited. The 
precipitate was filtered off, washed with absolute ethanol and dried under 
vacuum.
NiN12Hl44C78S6X2 re(*uiress Ni» 3.35;
Found: Ni, 3*28;
RESULTS AND DISCUSSION
(l) Infracted Spectra:
The positions of the significant bands of free NN*dibutyl- and 
NNfdicyclohexyl-thiourea and their nickel(ll) complexes are given in Table 7* 
and the assignments of the absorption bands for ni diel(II)-substituted 
thiourea complexes follow.
I, 14*49; C, 53.43; H, 8.22 and N, 9-59 
I, 13.80; C, 51*78; H, 8.39 and N, 9.27%
X 59 x6 5(1) According to Gosavi and Jensen the bands observed at
•••X ""XI56O cm* and 1555 cm* in the spectra of NN1 dibutylthiourea and
NN1dicyclohexylthiourea respectively are mainly due to the C-N stretching 
vibration* The increased frequency observed on cornlex formation supports 
bonding through the sulphur atom*
(2) The bands of free NNf dibutylthiourea and NN*dieyclohexylthiourea 
observed at 1510 cm. X and 1505 cm. X are assigned mainly to N-H bonding, and 
they shifted to higher frequencies on conplexation.
(3) The bands of free NN*dibutylthiourea and NN* dicyclohexylthiourea 
observed at 1270 cm. X and 1272 cm. X are assigned to C-S stretching 
vibrations, and NCS bending vibration.< On formation of nickel(II) complexes
this frequency increases which indicates that the bonding in all the substituted 
thiourea complexes of nickel(II) studied in this work is through the sulphur 
atom.
—1 —1
(4) The 1080 cm. band of NN’dibutylthiourea and the 1078 cm.
band of NN* dicyclohexylthiourea shift to lower frequencies on co-ordination.
43
Yamaguchi et al« assigned this band to C-S stretching; therefore the 
lowering found in these complexes is consistent with a S-NI bond.
—1 —1
(5) The 760 cm. band in NN1 dibutylthiourea and the 777 cm. band
in NN* dicyclohexylthiourea have been assigned to the C-S stretching frequency. 
The lowering of the frequencies observed in these complexes agrees with 
bonding through sulphur. Also the frequency increase observed on 
complexation for 725 cm. X and 720 cm. X bands of free ligands is as expected 
for a N-K out-of-plane bendings vibration.
TABLE _ 7  _
SIGNIFICANT BANDS IN THE INFRARED SPECTRA OF Ni(ll)SUBSTITUTED 
THIOUREA COMPLEXES (NUJOL MULLS)
COMPOUND BAND POSITIONS Cm1
dbtu 1 5 6 0  ' 1 5 1 0 12 7 0 1 0 8 0 7 6 0 7 2 5
Ni(dbtu)4CI2 1 5 7 5 1 5 25 12 75 1 0 6 5 7 6 0 7 3 5
Ni(dbti$4 Br2 1 5 8 0 1 5 20 12 7 5 10 70 7 5  5 7 3 5
Ni(dbtu^ l2 1 5 8 0 1 5 30 12 78 1 0 7 2 7 5 8 7 3 8
dctu 155  5 1 5 05 12 7 2 10 78 7 7 7 7 2 0
Ni(dctu)2CI2 15 75 1 5 30 12 80 10 72 7 6  5 72  2
Ni(dctu)2Br2 1 5 7 0 15  21 12 8 0 10 6 5 7 6  0 7 2 0
Ni(dctu)6 Br2 1 57  2 1 5 20 12 75 10 7 0 7 6  2 73 0
Ni(dctu)6 l 2 1 5 7 0 1 5 19 12 7 9 10 75 7 6  8 7 2  0
(2) Absorption Spectra;
8The nickel(II) ion has a 3d valence electron configuration#
This gives rise to the Russe11-Saunders terms for the gaseous ion in order of 
increasing energy: 3~ j 1„s 3n* l~j lc# Triplet terms derived from ther U r u o
first of these usually represent the ground term of nickel(ll) compounds# 
Nickel(Il) complexes are known with following configurations:
(a) Six-co-ordinate octahedral#
(b) Five-co-ordinate square pyramidal or trigonal bipyramidal#
(c) Four-co-ordinate square-planar or tetrahedral#
It is a peculiarity of nickel(II) chemistry that complexes of 
one configuration can often be easily converted into other configurations#
Six-co-ordinate Complexes:
The nickel(II) complexes with co-ordination number six in almost all
cases have high spin electronic configurations and a regular or distorted
octahedral stereochemistry# The energy level diagram for nickel(ll) in an
octahedral field is shown in Figure 14# Six-co-ordinate complexes usually
exhibit a simple spectrum involving weak spin-allowed transitions to the
3m ,i 3m U7) and 3m (p) terms, occurring in the ranges 7#0 “ 13 #0 KX,
2g lg 1lg
1X«0 - 20.00 ISC, and 10.0 - 29#0 KK respectively. In addition, there are
weaker bands arising from spin-forbidden transitions# The origin of spin-
166 167forbidden transitions has been discussed by Dunn, Ballhausen, and
G r i f f i t h . I n  reflectance spectra of regular octahedral nickel(II)
complexes, three bands are observed as described above, but in some cases,
such as ^ 7i(H20)^J7^+, the second band v2 has a double peak. This has been
considered to be due to the spin-forbidden transition arising from the
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spin-orbital coupling interaction between 1^ and . (F) states# The
g 10
ratio n^ / v of the frequencies of the first and second band maxima lies
for octahedral complexes between 1#5 end 1#7# The values of Dq found in
-1
octahedral complexes of nickel(II) vary between 640 and 1270 cm# , depending 
on the position of the ligand in the spectrochemical series# The values of 
the Racah parameter B found in complexes are always less than the value of 
104-1 cm# X found in the free ion. The ratio B (found)/B (free ion) = (3
depends on the position of ligand in nephelauxetic series. The usual
values of {3 fall in the interval 0.7 - 0.9#
Geometric distortions and/or non-identical donor atoms cause 
departures from symmetry. Studies of the energy levels in
153,169-171
pseudo-octahedral complexes have been carried out by various workers.
The orbital triplets 3T and 3m undergo further splitting so that many trans-
lg 2g . 172
itions are ejected as found in the reflectance spectrum of Nx(Py )C10„
It is, however, interesting to note that very often the spectra of
pseudo-octahedral nickel(II) complexes retain the simple form found in Of,
symmetry.
Five-co-ordinate Complexes:
The energy levels in five-co-ordinate complexes have been calculated
173using crystal field theory by Ciampolini both for fields of symmetry 
(square pyramid) and D symmetry (trigonal bipyramid). The free ion 
term 3p splits into five levels in a field of symmetry and four levels 
in a field of symmetry# The 3p term is split info two terms in both 
fields* Thus a large number of spin-allowed bands are expected, in addition 
to the weaker spin-forbidden ones#
Four-co-ordinate Complexes:
174Cotton and Wilkinson have discussed the spectral features of
tetrahedral nickel(II) complexes® Both crystal field theory and the
175angular overlap model predict that 10 D& should be less in tetrahedral
complexes® In contrast to octahedral complexes, tetrahedral compounds display
176relatively high intensity bands, and it has been shown that the difference
is of the order of 10 • Furthermore, the 3 (F) ~,fc>-3m (P) transition has been
1 1 . 176shown to be 10-20 times more intense than the 3m 0?) transition,,
1 2
Planar complexes of nickel(II) can readily be distinguished from 
octahedral and tetrahedral compounds in as much as no electronic transition 
occurs below 10®0 KK® The lowest energy band is commonly attributed to
P 2 182
the b (dxy) — ■ ( dx ~y ) transition, however, Lever has questioned
the validity of this assignment and also generally considers the factors
which influence band assignments®
The electronic spectra of the nickel(XI)-substituted thiourea
complexes studied here are collected in Table 7 and illustrated in
Figures 15e, b, c® The above discussion shows that these spectra are
consistent with an octahedral stereochemistry® The spectra of all the
dibutyl- and dicyclohexyl thiourea complexes of nickel(II) have strong
bands between 14000 and 150QQ cm® ^ which are probably due to the
3* 3m (F) transition, but this band has a double peak in the spectra
2g Ig
of hexakis(dicyclohexylthiaurea)nickel(ll)hromide and iodide, Figure 15c,
spin f<
168,169
2+ 172as in the case of Ni(H^O)^ « This could be due to the orbidden
transition arising from the spin-orbital coupling interaction,'
-1
between 1_ and 3m (F) states® The bands observed from 20000 to 22000 cm® , 
9 ig
due to the 3a 3m (P) transition, are not clear cut in all the
2g Ig
substituted thiourea complexes of nickel(ll) reported in this work because 
of the overlap from the charge transfer band® The shoulders observed
- 70 -
at 20000 - 22000 cm. * are probably due to the 3* 3m (P) transition,
2g lg
although their origin from the spin-forbidden transition 3 —  1 (D)
177 ^  29cannot be e&cludedi
The assignment of octahedral geometry holds for Ni dctb^Gl^ ^ nd
*| pyO
Ni(dctu) Dr (Figure 15b) application of the rule of average environment*
Ci Cl *
mm mm
using the known tetrahedral ligand field splitting energy for Cl and Br , 
rules out the possibility of a tetrahedral species. Evidently, there are 
either two bridging halides (Cl or Br ), or two bridging organic ligands*
but the similar values of lODq prevent determining which from the ligand field
spectra as was possible for the analogous iron(ll) compounds.1^1
The value of Dq is given by the position of the first band .y^ .
The ligand field parameter B may evaluated from the equation 
0 - (v0 + v„ ~ 3vi )/l5• » The value of B for the free Ni^+ ion is 1041 cm. *di J) 1
The later v transition 3» “““ 3m (P) is probably hidden by the charge
3 2g lg
transfer band in the complexes NiCdctu^Cl^ and Ni(dctu)2Br2* Calculation
of B in these cases from and v2 only cannot be £one satisfactorily due
to the uncertainty in Y^.
The transition y^ is resolved into two components at 8400 and 9400 cm,
in Ni(dctu)^Br2, and 8300 and 9500 cm. * in Ni(dctu)^I2 (Figure 15c) where as
the transition Y gives rise to a shoulder at 12400 and peak at 13500 Cvn* in
A
Ni(dctu)gl2. This could be due to geometrical distortion arising from 
the packing of the ligands around the metal ion.
(3) Magnetism:
From their magnetic properties, most bivalent nickel complexes
may be divided into three classes,
(1) Six-co-ordinate, octahedral paramagnetic complexes with a
3 . ground term.
2g
-1
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~ “ “ " REFLECTANCE SPECTRA
1*6
1-2
0*8
0*4
2 63 0 1 8 14"2 2 1 0
FREQUENCY
1*6
1*2
O o*8
0-4
2 6 2 2 143 0 18 10
FREQUENCY
c A Ni(dctu)Bro
1«6'
1-2
0-4
14 101 826 2 23 0
FREQUENCY
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TABLE 8_
REFLECTANCE SPECTRA OF NICKELII COMPLEXES
COMPOUND vi v2 V3 Dq-1Cm1
B P'
X
Ni(dbtu)CL
4 *■
8 6 0 0 1 4 7 0 0 2 0 8 0 0 8 6 0 6 4 7 0*62 1 ‘71
N (dblu^B^ 840 0 1 4 8 0 0 2 0 0 0 0 8 40 6 4 0 0*61 1-76
Ni(dbtu)4 l2 8 6 0 0 1 5 2 0 0 2 0 6 0 0 860 6 6 7 0*64 1.-77
Ni(dctu)2C^ 9 00 0 1 4 8 0 0 2 2 4 0 0 9 0 0 6 8 0 0 - 65 1-64
Ni (dctu)2Br2 8 8 0 0 1 4 4 0 0 2 2 5 0 0 8 8 0 6 8 7 0*66 1-64
Ni(dclu^Br2 8 4 0 0
9 4 0 0
1 3 6 0 0
1 2 4 0 0
1 9 8 0 0 8 4 0 54  7 0*5 3 1-62
Ni(dctu)6 l2 8 3 0 0
9 5 0 0
1 3 5 0 0
1 2 4 0 0
1 9 8 0 0 8 3 0 5 6 0 0*54 1*6]
(2) Four co-ordinate, square planar diamagnetic complexes with
1 ground term, and 
lg
(3) Four co-ordinate, paramagnetic tetrahedral complexes with a
3 ground term*
1
It is expected that octahedral complexes would show temperature- 
independent moments above the spin-only value (2083 B©M.), while tetrahedral 
complexes should show moments between 3®2 and 4©0 B©M© at room temperature, 
which are a function of temperature and depend on the symmetry of the ligand 
field present, and on delocalization of the electrons on the ligands©
Moments for octahedral complexes mostly lie between 2&'9 and 3*3 B©M© It has
37a —  _
been reported that ^ NiCdiars)^^/(CIO^)^ is an octahedral diamagnetic
complex© Square planar complexes of nickel(II) should be diamagnetic©
However, if the square planar crystal field is very weak a paramagnetic
complex may be produced© This is the case for anhydrous nickel(II)
lOo
ortho-hydroxyaryl carbonyl compounds in hydrocarbon solvents©
The magnetic results for nickel(II) complexes of dibutyl- and 
dicyclohexyl-thiourea are given in Table 9,e,15* Dibromohexakis(dicyclohexyl­
thiourea) nickel(II) and Diiodohexakis(dicyclohexylthiourea)nickel(II) are 
magnetically normal high spin with moments slightly higher than the spin-only 
value (2©8 B©M©)© These compounds obey the Curie law (8 values = 0|
Tables 14 and 15 and Figures 21 and 22), so their moments are independent 
of temperature© On the other hand dichloro- and dibromobis(dicyclohexyl­
thiourea) nickel(II) have magnetic moments at room temperature slightly 
higher than the spin-only value (2©8 B«M.) which show some decrease at 
liquid nitrogen temperature (Tables 12 and 13) j presumably due to slight
antiferromagnetic interactions, since their plots of l/v versus T are
A
straight lines not passing through the origin, i#e* they obey the Curie Weiss 
law with small 9 value (Figures 19 and 20)# Antiferromagnetic interactions
arise because of halide-bridged structures as is found with similar complexes
l8i
of nickei(ll)*
163
It has been found that magnetic moments of dichloro- and dibromo-
tetrakis(dibutylthiourea)nickel(XI) pass from 0*5 at liquid air teiigperature
to 2*8 and 1*3 B*M« at room temperature, while moments reported in this work
for these complexes pass from 0*84 and 0*75 at liquid air temperature to
2*33 and 1*14 B«M* at room temperature respectively* The plots of
versus temperature (Tables 9 and 10 and Figures 16 and 17) of these
complexes studied in this work indicates the behaviour of high spin/low spin
equilibria, but the nature of the graphs are odd and this could be due to
the presence of ligand impurities in the complexes* The magnetic moment of
diiodotetrakis(dibutylthiourea)nickel(II) passes from 1*88 B*M« at liquid
air temperature to 2*14 B«M* at room temperature# The decrease in moment
observed for this compound is very small compared to the chloro- and
—1bromo-ccmplexes described above* The plot of versus temperature
is a straight line (Table 11, Figure 16) not passing through the origin, 
i#e» the complex obeys the Curie Weiss law with a large 9 value*
TABLE. 9
T° K XAx 106 JT’x io2 Hg B M
295 *5 2271 4-403 2*33
262 *8 12 63 7-918 1-67
230  *3 692-0 14'450 1-1 3
198-5 919-6 10-870 1-21
166-5 965-4 10-360 1-14
135-5 988-3 10*120 1*04
103-3 931 • 1 10-740 0-89
89-8 954-0 10*480 0-85
TABLE JO
T° K Xxio6 X]x 102 A He BM
295*0 837-4 11.940 1 -4 1
262-5 702-1 14*240 1-37
230*2 825-0 12.120 1 *24
198 *5 825-0 12-120 1-15 .
166*5 778-2 12*850 1 - 01
135*0 689-8 14*500 0-87
103*3 702-1 14-250 0*76
89-5 788-2 12*850 0-75
I\!i(dbtu)4CI2
DIAMAGNETIC CORRECTION
-6
-599X10
Ni(dbtu)4Br2 
DIAMAGNETC CORRECTION 
- 616X106
-76-
TABLE _M_
T° K XA x 106 A X ]x 102 He BM
2 9 5  1 1 9 22 5 * 2 0 4 2*14
2 6 2  6 19 8 7 5 - 0 3 2 2-05
2 3 0  3 2214 4 * 5 1 6 2 - 0 3
2 0 3  5 24 51 4 - 1 3 0 2-01
166  3 2 9 2 8 3*41 5 1*98
135 3 3 4 6 7 2 * 88 4 1 - 9 5
1 0 3  5 4 3 2 7 2*311 1 * 9 0
8 9  5 4 9 4 8 2 * 0 2 6 1 * 8 8
Ni(dbtu)4!2
DIAMAGNETIC CORRECTION
-6
- 6 4 4 X 1 0
TABLE_ ] 2
T° K X «  , d \  A X V. fo2A He BM
295-3 4 98 6 2-005 3*45
26 2- 5 5 4(39 1 - 822 3-4 0
2 3 0 - 0 6 2 2 7 1 - 606 3-39
1 98-5 7 200 1-394 3-3 9
166-0 8524 1-173 3-38
135-3 10449 0-95 72 3-38
103-3 13469 0-7425 3-35
89-/0 15509 0-6448 3-34
Ni(dctu)2C!2 
DIAMAGNETIC CORRECTION 
-399X106
TABLE 13
T° K X X 10 A X ’x 102 A Me B M
295-3 4431 2-257 3-33
2 62-5 4900 2-041 3-22
230*3 5575 1-794 3*22
198-5 6449 1-565 3-21
166*3 7632 1-310 3- 20
1 35-3 9361 1-069 3-20
103-4 12106 0-8264 3-1 8
89 -0 13956 0*7168 3-16
N i(dctu)2Br2
DIAMAGNETIC CORRECTION
-6
-416X10
JABJLE T_4_
t °  K X  x 106 A \
-1 -2  X*x 1(T 
A He BM
2 9 5 - 1 3 9 5 6 2 - 5 2 7 3 * 0 7
2 6 2 - 7 4 3 2 5 2 '31 2 3 * 02
2 3 0 - 3 4 998 2*000 3 * 0 5
1 9 8 - 3 5 7 7 4 1 *73 2 3*0 4
166 -1 6 9 0 2 1-44 9 3 * 0 4
1 3 5 - 1 8 3 5 1 1*198 3*0 2
1 0 3 - 5 111 68 0*8959 3*0 5
8 9 - 8 12628 0*7918 3 -0  3
TABLEJ5
T° K X  X 106 A
x \c  102 
A He B M
2 95 * 1 4 2 0 0 2*381 3*1 6
2 6 2 * 6 4 6 2 6 2*157 3*1 3
2 3 0 * 3 5 2 6 5 1 * 900 3*1 3
1 9 8 * 0 6 0 3 5 1*659 3*1 1
1 6 6 * 3 7 149 1*399 3-1 0
1 3 5 * 3 8 9 1 9 1*120 3*1 2
1 0 3 * 5 114 7 3 0-8711 3-0 9
8 9 * 8 13143 0*7610 3*0 4
l\!i(dctu)6 Br2
DIAMAGNETIC CORRECTION
-1 1 0 8 X 1 0 6
Ni(dctu) I 
o
DIAMAGNETIC CORRECTION
■1153X106
- 7 9 -
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COMPLEXES QFBiVALENTCH ROMIUM IRON AND 
VANADIUM WITH LIGANDS OF THE 
TYPE R2NCS2
Reviews have been written on dithiocarbaniato-coraplexes*^ 1^ .84
which have been more widely studied than those of the xanthates* In general,
the reaction of the dithiocarbamate ion, like that of xanthate, with
bivalent cobalt, iron and manganese has been stated to produce complexes
of trivalent metals, tris-ligand complexes being obtained with excess
ligand* However, certain amines such as piperidine and piperazine
have been used to form dithocarbamates from which the pale manganese(II),
iron(Il), and cobalt(II) complexes have been made* The chromium(ll) ion
has been reported to react immediately with dithiocarbamates in aqueous
solution, producing the chromium(ll) complex which is then rapidly
oxidized to the chromium(III)derivative even when precautions are taken to 
188exclude oxygen* The chromium(ll) ion has also been stated to be oxidised
189in the presence of xanthate* Iron, cobalt and chromium nitrosyl
189-191dithiocarbamates are known, the diamagnetic mononitrosyl cobalt
192
complex having a five-co-ordinate rectangular pyramidal configuration*
The tris(dithiocarbaraato)-complexes of trivalent chromium,
manganese, iron and cobalt are all highly coloured, the chromium complex
being dark violet* The magnetic moments of iron(lll) dithiocarbamates are
temperature dependent and lie between the values expected for one and five
193-195unpaired electrons* This behaviour indicates that the compound
has low spin and high spin isomers* Iron(lll) monoalkyldithiocarbamates 
are high spin whilst iron(lll) xanthates are low spin.
X-ray structure determinations on bis(dithiocarbamato)-nickel(II)
196,197
complexes have shown the four sulphur atoms to lie m  a plane* ,*
X-ray data have also confirmed the infra-red evidence for a large amount of 
double bond character in the carbon-nitrogen bond and have indicated a
distorted pyramidal array of sulphur atoms in the zinc and copper(ll)
198,199dxethyldithiocarbamates* 1 The neutral complexes of monovalent copper,
silver and gold have been found to be polymeric*
Yellow bis(diethyldithiocarbamato)chromium(ll) appears to be high
201spin, but the extreme sensitivity of the complex to oxidation so far has 
prevented an accurate determination of the magnetic moment* Bis(diethyldithio- 
carbamato)-iron(ll) is less sensitive to air oxidation than the manganese(ll) 
and chromium(ll) species* Diethyldithiocarbamato-complexes of chrornium(ll) 
and manganese(ll) are pyrophoric* The reflectance spectrum of the chromium(ll) 
complex is different from the reflectance spectrum of the five co-ordinate 
complex reported by Ciampolini, which showed a rather intense band near
11,000 cm*  ^with a shoulder at 14,000 cm* \  but is not significantly
11adifferent from the transition observed for high spin tetragonal 
chromium(ll) complexes*
Tetrakis(NN-dialkyldithiocarbamato)metal complexes, M(S^CNR^)^
(R = Me, Et or Pr and M ~ Ti(lV) or Sr(lV)| and R = Me, Et and M = V(IV) 
or Nb(lV)) have been prepared by reactions involving the insertion of CS^ 
into metal dialkylamides* The pentakis compound Ta(S CNMe0) and theCk 5
tin(lV) compound Sn(S CNEt ). were also obtained* Spectroscopic studies
were carried out together with some magnetic susceptibility, electrical
202conductance, and x-ray diffraction measurements* The tetrakis
derivatives of zirconium and niobium are probably examples of eight
co-ordination by sulphur, but the structure of the titanium(IV), vanadium(lV)
and tantanum(lV) compounds require complete x-ray structural analysis*
Halogenation of dithiocarbamato-complexes of iron(lll), cobalt(IIl)
and copper(ll) gives compounds in which the dithiocarbamate is oxidized
203
to a positive ion. Magnetic and spectroscopic measurements indicate
that the compounds Fe(dtC)Cl^ and FeCdtCjBr^ contain FeCl^*" and FeBr^"* ions 
respectively. The unit dtC is present in a positive ion.
The monomeric ion (l) should be unstable because of considerable
assumed to be present.
ring strain and a dimeric dipositive ion (2) with a S-tetrathian ring is
NEt^ -tii^c\
(1) (2)
NEt2
Oxidation of copper(II) and nickel(ll) complexes of diethyldithio- 
carbamate by Br2 or Ig in CS2 solution has also been reported.204
Yellow bis(diethyldithiocarbamato)chromium(II) has been prepared 
despite an earlier claim that the compound is rapidly oxidized to a 
chromium(lll) derivative, even when precautions are taken to exclude
ethanol (90 ml.) was slowly added to a solution of chromous chloride
(2*5 gm.) also dissolved in 50% ethanol (60 ml.). The yellow compound
which formed was very difficult to filter off and became green within
four to five hours in the presence of solvent, even under nitrogen. Therefore,
it was possible to filter off only a small portion of the precipitate. This
was then washed with 50% ethanol, and absolute ethanol, and dried under
CHROMIUM (II)
EXPERIMENTAL
1
oxygen. A solution of sodium diethyldithiocarbamato (I2*0gm) in 50%
- 87 -
vacuum for 8 hours. CrN-Ih^C, _S,2 20 10 4
requires: Cr, 15.34; C, 34.45; H, 5*78; and S, 36*88
Found: Cr, 14.92$ C, 34.22; H, 5*59; and S, 36.61$
2# Bis(dimethuldithiocarbamato)chromium(II) :
To a cold solution of chromous bromide (2.62 gm.) dissolved in 
5056 ethanol ( 60 ml.), a solution of sodium dimethyldithiocarbamate (12.0 gm.) 
in 50% ethanol (100 ml.) was slowly added. At this stage a tomato-red 
precipitate formed which could be filtered off more readily than compound (l), 
after filt ration it was washed with 50% ethanol, and absolute ethanol 
and dried under vacuum for 10 hours. ^r^2^12^6^4* 
requires: Cr, 17.78; C, 24.64; H, 4.14$ N, 9*58; and S, 43.85
Found: Cr, 17.57; C, 24.03; H, 3-91? N, 9.28; and S, 42.75%.
3* Mono chloro(diethyldithio carbamato)chromium(XI):
Chromous chloride (1.46 gm.) (30 rnli) and sodium diethyldithio-
carbamat© (2.6 gm.) (50 ml.) were dissolved separately in absolute ethanol*
The solution of sodium diethyldithiocarbamato was added to the metal
solution. The greenish yellow precipitate which formed could be filtered
off more readily than compounds (l) and (2). After filtration it was
washed with absolute ethanol and dried under vacuum by pumping on it for
four hours. CrNH._C S Cl 
10 5 2
requires: Cr, 21.74; Cl, 15.02; C, 25.27; H, 4.25; N, 5*94; and S, 26.56
Found: Cr, 21.86; Cl, 14.79; C, 25.46; H, 4.52; N, 5*72; and S, 26.20%.
- 88 -
Monochloro ( dine thy X di th io carbamato ) chromium (II):
This red compound was prepared by the same method as Cr£5aCNEt2Cj7 
from chromous chloride (2,39 gm.) and sodium dimethyldithiocarbamate 
(4.3 gm.) in (40 ml.) and (75 ml.) of absolute ethanol respectively.
CrNH6C3S2C1
Requires: Cl, 17.06; C, 17.35? H, 2.09; N, 6.755 and S, 30.04-
Found: Cl, 17.01? C, 17.76; H, 3.54; N, 6.69; and S, 30.46%
5. Bis(pyrrolidyldithiocarbamato)chromium(XI)s
A solution of the sodium salt of pyrrolidyldithiocarbamato (3*6 gm.) 
in 50% ethanol (50 ml*) was added slowly with continuous shaking to a 
solution of chromous bromide (2.0 gm.) in absolute ethanol (30 ml.). The 
yellow compound which formed was somewhat difficult to filter off. Since, 
as with the yellow bis(diethyldithiocarbamato)chromium(II), this compound 
might oxidize in the presence of solvent, even under nitrogen, only a small 
portion of the precipitate was filtered off. It was washed with 50% ethanol, 
absolute ethanol, and then dried under vacuum for 8 hours. There was no 
obvious sign of oxidation during filtration* ^r^2^l6^10^4 
requires: Cr, 15-01 ; C, 34.66; H, 5.24; N, 8.08; and S, 37.01
Found: Cr, 15-55 . c, 34.49; H, 5.04; N, 7*95? and S, 36.92%
The compounds Cr^^CNRg)^, R = CH^, C^H^ or C^H^N (pyrrolidyl), 
were difficult to isolate not only because of air-sensitivity, but also 
because they clogged a sintered disc, and the methyl and ethyl compounds 
oxidized spontaneously if left for long in contact with the 50% aqueous 
ethanol from which they were prepared. The use of hot solutions or the 
heating of the suspensions to improve filterability caused rapid oxidation.
Consequently, only small amounts could be prepared at a titne* Oxidation 
is believed to be due to the water present, but when ethanolic solutions 
of the reactants were used compounds of a previously unknown type, 
CrCS^CNR^Cl), R = Me or Et* wdre isolated* These were air-sensitive, but 
did noi oxidise during filtration tinder nitrogen*
In order to try to prepare the broao^analogues of CrCRgNCS^Cl),
R =s CH or C„H_, chroraium(ll) bromide in absolute ethanol and the sodium 
dithio carbamate in the same solvent were used* However, the bromides were 
not obtained, but the compounds Cr(R NCSc) in an easily filterable form*Cl Ca Cl
It was also found that the slow oxidation which occurred in contact with 
50% aqueous ethanol no longer took place* If is hoped that chromium(ll) 
complexes of the dicyclohexyldithiocarbamate, dibutyldithiocarbamate and 
dibenzyldithiocarbamato ions, which oxidised spontaneously on mixing 
chromium(ll) chloride and the ligand in 50% ethanol, can be prepared from 
chromiura(ll) bromide in absolute ethanol* Because it was not very soluble 
in absolute ethanol, zinc dibenzyldithiocarbamate was dissolved in DMF and 
treated with chromium(ll) chloride in absolute ethanol, but instead of a 
bis(dithiodicarbanato) compound a uolet oxidised product was obtained*
RESULTS AND DISCUSSION
(1) Absorption Spectra 
4The d high-spin configuration gives rise to the 5Q free ion 
term which is split in a regular octahedral field into a lower doublet
Eg level and an upper triplet T_ level* Therefore only one spin allowed<&g
transition (5^  ^.. 5™ ) is expected in the visible spectrum of chroraiura(ll)
A — C/2g g
complexes*
However, crystal field theory predicts large distortions from
L 7 2+ 9
octahedral symmetry for high-spin d“, low-spin d , e*g* Co 5 and d ,
2+
e*g* Cu complexes. Thus, the Eg ground state cannot remain degenerate, 
it is Jahn-Teller unstable, which leads to a further splitting of the T^ and 
Eg levels. So the regular octahedron is not expected, even with six like 
donor atoms, but either the octahedron is elongated or compressed*
e 205
Orgel and others attributed the breadth of the highly 
asymmetric visible band in aqueous chromium(XX) spectra to tetragonal distor-
/ v 2+ , , 206-210tion of octahedral Cr(H 0)o , brought about because of the Jahn-Teller
A Cd
4effect. The distortion of d high-spin complexes from octahedral symmetry
211—213
has been demonstrated crystallographically in several cases. Marked
distortions of the type commonly found in copper(XX) where two ligands are
much further from the metal ion than are the other four have been reported.
126
Similar distortions have been reported in the anhydrous compounds
214
CrX (X = F, Cl, Br) and in CrS. It has also been reported that the
compound Cr F_, contains both environments, but the octahedra about the 
* 5
chromium(ll) ions are highly distorted with four short and two long bonds,
whilst in the compounds KCrF^ four long and two short Cr-F bonds are present.
Thus the energy level diagram for chromium(Il) complexes is as in
Figure 23. From this, three visible and near infra-red absorption bands are
exiaected, corresponding to the transitions, 5r> j  k. 5n *A, Jo, ”“"T—
lg lg lg 2g 
and 5 , 5p • A separation of 2300 cm* for the 5™ und levels is
ig 9 208 9 29
suggested by Bersulcer from theoretical studies. The main band observed
in the spectra of chromium(ll) solutions, and also in solid chromium(II)
compounds is certainly of sufficient breadth to contain two bands, separated
by 2000 cn©
- 91 -
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SPLITTING OF THE j b  SPECTROSCOPIC TERM UNDER <a) CUBIC FIELD 
AND (b) AND (c)WEAK AND STRONG TETRAGONAL FIELDS RESPECTI VF.LY
Reflectance spectra at room temperature, and liquid nitrogen
temperature of the chromium(II) compounds and of the oxidized products at
217
room temperature are shown in Figures 24 to 28. It has been reported
that the five-co-ordinate complexes of chromium(II) have at least two intense
-1transitions in the region 10,000-15 ,000 cm . These are assigned to the
spin-allowed transition between the 5^ ground state and the two excited 5^
states arising from the splitting ox the 5^(3^ )  tern of gaseous chromium(ll)
under the influence of a crystal field of G symmetry.
3
Reflectance spectra of bis(diethyldithiocarbamato)chrornium(II)5 
monocliloro(diethyldithiocarbamato)chromium(ll) and bis(pyrrolidyldithiocar­
bamato) chromium(II) have a broad asymmetric band near 14,000 cm. ^
(Figures 26-28). The low energy band is not resolved at room temperature,
but the spectrum at liquid nitrogen temperature shows a shoulder at
-1 . -1
11.000 cm. in all three complexes. The bands around 14,000 cm. are
sufficiently broad and asymmetric to contain bands- arising from at least
two transitions, i.e. 5„ v > arid 5-r. \ 5r- and the shoulder near» "'B, — > B_ 1 3, — Eg
-]L lg 2g lg
11.000 cn. at liquid nitrogen spectrum of all three complexes are assigned
to the 5n transition,
o, A,
ig ig
Bis(dimethyldithiocarbamato)- and monochloro- (dimethyldithio- 
carbamato)-chromium(ll) both give a weak band at 14,000 cm. * and a 
shoulder at 10,000 cm. ^ (Figures 24 and 25)• The weak band obtained at
14.000 cm. 1 can be assigned to the transitions, 5^  v 5™ and 50  1 5n j
_ lg Es lg 2g
and a shoulder at 10,000 cm. to the 5-n, transition.£)_ — »> a, M 
lg lg
Reflectance spectra of all these disubstituted dithiocarbamato- 
complexes of chroraiuu(ll) are different from the spectrum of the five-
co-ordinate complex reported by Cianpolini, T-Aiich showed a rather intense
-1 -1band near 11,000 cm. with a shoulder at 14,000 cm. , but are not
- 93 -
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significantly different from the spectra observed for high-spin tetragonal 
chromium(ll) complexes. The x-ray crystal structure of CuCS^CNEt^)^ shows 
the presence of dimeric units with an essentially squarepyramid of sulphurs 
about the metal.2^ * 2'^ The crystalline solids CHSgCNEtg)^, Mn(S2CNEt2)2, 
Fe(S2CNEt2)2 and Zn(S2CNEt2)2 are isomorphous and thus presumably isostructural 
with the copper(II) complex.
It is very difficult to decide the structure of complexes
Cr(S_CNR_Cl), where R - CH_ and CJHL. from the reflectance spectra. However,
^ a 3 ^
the values of ’ g1, as mentioned in discussion of magnetism, are very low so 
that their magnetic behaviour does not follow the binuclear model.
(2) Magnetism
The magnetic properties of these compounds have been investigated
between 80 and 300°K (Tables 16 to 20). The diamagnetic corrections
12 ,152
calculated using data in the literature are also given, as are the Curie 
Weiss constants0, if any. The magnetic moment of normal, high-spin 
chromium(Il) complexes should be about 4.9 B.M. The magnetic moments of 
all these disubstituted dithiocarbamato-complexes of chromium(ll) are well 
below the normal high-spin chromium(ll) values at room temperature, and 
decrease markedly with decrease in temperature (Figures 29 to 33* Tables 
16 to 20). Distortion from a regular octahedral configuration could 
produce some temperature variation, but this would be no where near the 
required order of magnitude. Hence, this behaviour is thought to be due 
to antiferromagnetic interations between chromium ions in polymeric 
structures. As mentioned earlier in the discussion of reflectance spectra, 
the complexes Cu(S2CNEt2)2, Z n ^ C N S t ^ ,  F e ^ C N E t ^ ,  Mn(S2CNEt2)2 and 
Cr(S2CNEt2)2 are isostructural. Also the chemistry of copper(II) 
should be similar to that of chromium(ll). Hence the disubstituted
dithiocarbamate complexes of chromium(II) prepared so far in this work
should be binuclear like Cu^CS^CNEtg)^.
2l8It has been shown that the atomic susceptibility of the 
metal atom for compounds in which intemolecular antiferromagnetic 
interactions occur can be obtained using the equation described by Karabe* 
This equation has been derived assuming no temperature-dependent orbital 
contribution tottie magnetic moment* As compaired with the values of 7^ 
for the compounds under discussion, the value of N<H is negligible, hence 
the equation described by Kambe reduces for four unpaired electrons to:
-V - 3K /-30 + I4exp8x + 5e^g>l4x + explBx y
A ~ T 9 + 7exp8x + 5GXpl4x + 3expl8x + exp20x?-'
where x = , J is called the exchange integral and can be measured in
—X **X *3"cm* ~ Since k = 0*6950 cm* degree , is dimensionless* Using this
equation with a small exchange integral, J, and assuming no orbital 
contribution, it should be possible to derive a theoretical curve which 
will fit the experimental results (Figures 3^~37)* The small J values 
(Table 21), indicate very weak metal-metal interactions compared with those 
in chromous carboxylates* To derive values of J and K, two values of 
were selected from the experimental curve, and then various values of J, 
guessed from the shape of the curve, were substituted in the above equation 
until a value of J gave the approximately same value of K for both the 
values* Using these values of IC and J, values of v/ere calculated at 
different temperatures, and these were plotted against temperature and 
compared with experimental one* The values of *9* given in Table 21 were 
calculated from K as under*
where g = Spectroscopic splitting factor
23 •‘*1N ss AVogadro*s number = 6.23 x 10 mole
~20 *-1p = Bohr magneton = 0.9270 x 10 erg 9auss
-16 -1and k = Boltzmann^ constant = 1*380 x 10 erg degree
The values of g for CHSgCNR^)^, where R = CH^, and C^Hg
are close to 2, whilst for Cr(S CNR-Cl), where R « CH and C H , the g values
are very low (Table 21), so that their magnetic behaviour does not follow
-1the binuclear model. The plots of calculated versus temperature
are in good agreement with experimental (Figures 34 ^0 37)•
Molecular weight determinations and magnetic susceptibility 
measurements in solutions are desirable to determine whether the polymeric 
nature of the complexes persists in solution, but because of poor solubility 
in organic solvents and their air-sensitivity, these are not possible*
Because of poor solubility and decomposition, spectra and 
conductance measurements could not be carried out on bis(diethyldithiocarbamato)- 
chromium(Il)• The solvent AnalaH acetone, had been distilled twice under 
nitrogen but oxidation still occurred* Bis(dimethyldithiocarbamato)chromium(ll) 
oxidized in chloroform which had been distilled twice under nitrogen. However, 
the qualitative spectrum of a saturated solution of bis(diethyldithio- 
carbamato)chromium(Il) in distilled AnalaR acetone gave a spectrum which 
resembled the reflectance spectrum (Figure 38)*
IRON(II)
1 * Bis ( dimethyldithiocarbaniato) iron(II) :
A solution of hydrated ferrous sulphate (4.0 g.), dissolved in 
distilled water (60 ml*), was slowly, with continuous shaking, added to a
TABLEj 6
T° K
6
X  x 10 x 1)' 102A B M
2 9 5 * 0 4 4 5 7 2 * 2 4 4 3*2 6
2 6 2 * 5 4 9 7 8 2 * 0 0 8 3*25
2 3 0 * 3 555  7
oo00 3*21
198*5 6 2 9 8 1’ 5 8 8 3*1 8
1 66*  3 7 3 0 2 1 * 3 7 0 3*13
135*3 8 7 0 5 1*1 4 9 3*08
103*5 1074 5
..
0*9309 2*99
TABL_EJ7
T° K xA x io 6
-1 - 2
X X  10 Me B M
2 9 4 * 9 8 3 7 7 1*193 4*4.6
2 6 2 * 5 921 8 1*085 4*4 2
2 2 9 * 8 1 0 3 4 2 0*9674 4*3 8
1 98 *4 1 1 7 5 2 0*8509 4*34
1 6 6 *0 1 3 6 7 2 0*7316 4*28
1 3 5 *3 1 6 3 2 2 0*6156 4-2 2
1 0 3 * 0 2 0 2 5 2 0*4938 4*1 0
8 9*0 2 3 2 9 2 0*42 93 4*0 9
Cr0 C H 3)2NCS2CD
DIAMAGNETIC CORRECTION
-6 
- 9 5  X 10
Cr0 CH3,2NCS2] 2 
DIAMAGNETIC CORRECTION 
—6
- 1 4 2 X 1 0
IABLEJ8
T° K >
x X
-1 - 2  
K  X 10A B M
2 9 5 - 0 3 0 2 3 3 - 3 0 9 2-6 8
2 6  2 *5 32 2 0 3 *1 0 6 2*6 1
2 3 0 - 0 3 3 7 9 2 -961 2 -5 0
1 9 8 * 0 3 5 9 4 2 - 7 8 3 2*4.0
1 66  -'0 3 8 3 3 2*609 2-2 7
1 3 5 - 0 4 1 8 2 2-391 2-1 3
1 0 3 - 5 4 7 1 5 2-12 0 1-98
8 9 * 5 51 14 1*955 1-9 2
TABLE 19
T° K > X A'* 152 H B M
2 9 4 * 9 6 5 6 9 1 - 5 2 3 3-9 5
2 6 2 - 0
!
682 6 1 - 4 6 5 3 -8 0
2 2 9 - 8 699  9 1 * 4 2 9 3*6 0
1 9 7 -5 718  1 1 - 3 9 3 3-3 8
1 6 5 * 3 7 1 9 3 1 - 3 9 0 3-1 0
1 3 3 - 5 70 9 6 1 - 4 0 9 2-76
1 0 1 - 5 6 8 7 5 1 * 4 5 4 2*3 7
87 -9 6 7 9 0 1 * 4 7 2 2*1 9
Cr[[C2H5)2NCS2CLl-
DIAMAGNETIC CORRECTION 
“ 1 1 8 X 1 0 6
Cr[C2H5)2NCS2]:
DIAMAGNETIC CORRECTION
-6
- 1 90 X 10
-  1 0 3 -  
TABLE 2 0
CrIC4H8INiCS32
DIAMAGNETIC CORRECTION 
- 1 7 6 X 1 0 6
TABLE 2 1_
COMPOUND 140° K 280° K
k2
J Cm1 g
C r Hg)al\icsjja 0*4 47 I 0 -4479 -4*17 1*892
Cr (L2h5')2ncs?12 0 -6 03 2 0*6039 -26*40 2*1 9 6
C ' ^ N C ^ 0*5189 0 -5200 -12*50 2*035
C rgcHg^NCSad) 0-2367 0 -2 3 7 5 -4*17 1-378
C r[(C2H5)2NCS2C] 0*2157 0*21 17 —! 5*99 1-313
T° 1C >^x io6 io2 H B M
295-0 8083 1-237 4-3 8
262 -5 8670 1-153 4-2 8
2 30 -0 9363 1-068 4*1 8
198-5 10196 0-9817 4-04
1 66-0 11226 0*8913 3-88
1 35-0 12206 0-8191 3-65
1 03-0 1 3376 0-74 74 3-34
8 9-5 13960 0-7161 3-1 8
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solution of the sodium salt of dinethyldithiocarbamate (5.58 9«») also in 
distilled water (50 ml. ) . A yellowish light precipitate was formed which 
was filtered off immediately aiid washed tirice with distilled water and dried 
by continuous pumping for 14 hours.
requires: Fe, 18.84; C, 24;3i> K, 4*08; and N* 9.49
Found: Fe, 19.22; C, 24.14; H, 4.01; and N, 8.75%
2# Bis(diethyldithiocarbamato)iron(II):
Chocolate brown bis(diethyldithiocarbamato)iron(II) has been
reported before. Ferrous sulphate (3*0 g.), dissolved in (40 ml.) cold
distilled water, was treated with a solution of sodium diethyldithio-
carbamate (4.0 g.) also in cold distilled water (50 ml.). The chocolate
brown compound was very difficult to filter, so only a small proportion
of the precipitate was filtered off, washed twice with distilled water and
dried under vacuum for 15 hours. FeHJHL.C, S.2 20 10 4
requires: Fe, 15.84; C, 34.07; H, 5«72; and N, 7-98
Found: Fe, 16.01; C, 34.46; H, 5«?8; and N, 6.90%
3* Bis(pyrrolidyldithiocarbanato)iron(lX)«
The sodium salt of pyrrolidyldithiocarbamate (4.5 g») was 
dissolved in hot distilled water (80 ml.). The solution was then cooled 
to room temperature. A solution of ferrous sulphate (3*0 g.) dissolved in 
(40 ml.) cold distilled water was slowly added. At this stage the yellowish 
precipitate which was deposited was filtered off, washed thrice with warm 
water and dried under vacuum for 15 hours. FeNgH^C^S^ 
requires: Fe, 16.03; C, 34.47; H, 4.59; and N, 8.08
Found: Fe, l6«35j C, 34.58; H, #.53; an<^  8.11%.
k* Monohydroxy(dicyclohexyldithiocarbamato)iron(II) •
Ferrous sulphate (2.58 g.) was dissolved in distilled water 
(50 ml.). A solution of the dicyciohexyldithiocarbamate sodium salt 
(4.2 g.), dissolved in 75% aqueous ethanol (100 ml.)* was added slowiy 
to the ferrous sulphate solution. A dirty greenish yellow precipitate
formed. This was filtered off and washed six times with absolute ethanol.
At this stage the dirty greenish colour of the precipitate disappeared.
The resulting dirty yellow precipitate was dried for 8 hours under vacuum.
F°N H23C13S120:
requires: Fe, 16.90; C, 47*26; K, 7.32; and N, 4.26.
Found: Fe, 16.59; C, 47-37; H,' 7.08; and N, 3*93%
*5 * Bis(dibutyldithiocarbamato)iron (II). :
A solution of sodium dibutyldithiocarbamate (4.0 g.) dissolved 
in 75 ml.) distilled water, \*as added slowly and with continuous shaking 
to a solution of ferrous sulphate (2.0 g.) also dissolved in cold distilled 
water (35 ml.). A very light yellowish brown precipitate formed which 
was very difficult to filter, so the supernatant liquid was decanted. Then 
to the suspension distilled water (75 ml.) was added, the mixture shaken 
and the solid allowed to settle, and the liquid decanted. This procedure 
was carried out four times to remove a small excess of ligand which seemed 
to contaminate the complex. The complex was dried in the flask under 
pumping for three hours. Then the solid was transferred to a sintered 
glass filter using a nitrogen bag which had been flushed out three times 
with nitrogen before use. The solid was washed four times with distilled 
water and dried under vacuum for 12 hours.
requires: Fe, 12*01; C, 46*52; K, 7*80; and N, 6.05. 
Found: Fe, 12*30; C, 46.05; H, 7.74; and N, 5*87%
6 « Bis(dipropyldithiocarbamato)iron(XI):
This chocolate brown compound was prepared by the same method as 
bis(dimethyldithiocarbamato)iron(ll) by mixing a solution of ferrous sulphate 
(2*0 g.) dissolved in distilled water (30 ml.), with a solution of sodium 
dipropyldithiocarbamate (3*38 g.) also dissolved in distilled water (60 ml.).
FeW2K28Cl4S4
requires: Fe, 13*67; C, 41.15; H, 6.91; and N, 6.88.
Found: Fe, 13.28; C, 41.15; K, 6.83; and N, 701%
RESULTS AND DISCUSSION
(l) Absorption Spectra
4 2High spin, divalent iron has t e configuration and the electronic
ground state 5^. No other quintet state is present. In octahedral symmetry
the 5t, level wi 11 split into an orbital triplet T_ ground level and orbital D 2g
doublet Eg excited level.
219 220Jorgensen, Fuilani, 4 and Cotton and Mayers have studied the
2+
absorption spectrum of the pale green ion Fe(HgO)^ which shows a double 
peak at 10,000 cm.*"'1, with a number of very small peaks beginning at
20,000 cm.**1 and upwards. The double peak is identified as the transition
5m ^5 split by approximately 2000 cm*  ^due to the Jahn Teller effect.
2g /
ENERGY LEVEL DIAGRAM FOR OCTAHEDRAL d6
(a) W E A K  FIELD
(b) STRONG FIELD
220The snail peaks are due to transitions 5m “*■/> 3T i 3T 1 etc. Furlani
2g lg 2g
has reported the spectra of some other iron(Il) complexes which exhibit 
analogous features.
£
The couplete energy level diagram of the d iron(II) configuration 
in (a) weak, and (b) strong, octahedral field is given in Figure 39*
Reflectance spectra at room tenperature of disubstituted dithio- 
carbanato-iron(ll) complexes are given in Figures 40 and 4l. Tv/o peaks 
are observed in the spectra of bis(dimethyldithiocarbamato)iron(ll) and 
bis(pyrrolidyldithiocarbamato)iron(ll) (Figure 40) at about 85OO cm. * 
and at 6000 cm. * with a very small shoulder between these two peaks at 
about 7500 cm. * Similarly, tv/o bands are observed in the spectrum of 
bis(dipropyldiihiocarbamato)iron(II) (Figure 40) at 10,000 cm. * and at 
6000 cm. * However, the first band is more intense than the second band, 
which is the reverse of that in the first two compounds. The remaining 
complexes of iron(ll) studied in this work shov? a very broad band at 
about 9500 cm. * with a very weak peak at about 6000 cm. * (Figure 4l).
In addition, most of the complexes give very small shoulders from about
*”1 n “*120,000 cm. upwards. The double peak observed at about 85OQ cm. could
be ascribed to the transition 5 s5~ split by approximately 2000 era. 1
lo.-*
2+ 2.05due to Jahn Teller effect as in the case of Fe(HgO)^ • ‘ The small
shoulders at 20,000 cm.  ^upwards could be due to spin-forbidden transitions
5m , 3t , etc.
A2g / lg 2g
As mentioned earlier in the discussion of chromium(Il) complexes, 
Cu^gCNEtg)^ is isostructural with ^(S^CNEt^),^, Mn(S2CNEt2)2, and 
Fe(ScCNEt ) . So the structure of all these complexes could be similar£j Cj Ct
to Cu(S2CNEt2)2.
REFLECTANCE SPECTRA
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FIG. 41
(2) Magnetism
For the high-spin regular octahedral configuration, the spin
-1
orbital coupling constant X = -100 cm* , and the magnetic moment of 
high-spin iron(ll) complexes should be about 5.5 B*M„ at 300°K, and be nearly 
independent of temperature. However, deviation from regular octahedral 
symmetry and delocalisation will reduce the moment towards the spin-only 
Value 4,98 B.M.
For tetrahedral complexes, the moment will be given by 4,90
—1(l-2X/lODq) where X = -100 cm. and moments will thus be of the order 
of 5.1 B.M.
A few planar iron(ll) complexes ’are known, such as iron(ll)phthalo- 
cyanine and bis(pentachXorophenyl)bis(diethylphenylphosphine)iron(II) for 
which p, - 3*96 B.M. at 293°K and 3*8 B.M* respectively. A number of
G X X
octahedral low-spin complexes of iron(ll) have been measured and shown to be 
diamagnetic.
The magnetic susceptibility measurements (90-295°K) are listed in 
Tables 22 to 27. The plots of reciprocal atomic susceptibility and effective 
magnetic moment against temperature of the disubstituted dithiocarbamato)lron(II) 
complexes are shown in Figures 42 to 47* The values of the Curie V/eiss 
constant ©, if any, are also given. Bis(dimathyldithiocarbamato)iron(Il) , 
bis(pyrrolidyldithiocarbamato)iron(II), and monohydroxymono(dicyclohexyldithio- 
carbamato)iron(ll) complexes obey the Curie TJeiss law with Curie-¥eiss constants 
© = 84,40 and 32 respectively* The other iron(ll) complexes: 
bis(diethyldithiocarbamato)iron(ll), bis(dipropyldithiocarbamato)iron(II), 
and bisCdibutyldithiocarbamato)iron(ll), and bis(dibutyldithiocarbarnato)iron(ll) 
complexes exhibit N eel points at 104, 180 and 100°K, respectively*
The magnetic moments of all these complexes at room temperature are well below
-117-
TABLE 22
T° K XA X106 £ x  io2 R B M
2 9 5 - 2 9 8 4 5 1 - 0160 4 - 8 4
2 6 2 - 5 1 0 9 4 2 0*9139 4*8 1
2 3 0 - 0 1 1 942 0-83 75 4-7 1
1 9 8 * 5 1 3 4 6 2 0 - 7429 4 * 6 4
1 6 6 . 3 1 5 1 0 2 0 -6 62 2 4-5 0
1 3 5 - 0 1 7 3 8 2 0 - 5 7 5 4 4-3 5
1 0 3 - 0 2 0 2 9 2 0 - 4 9 2 8 44 1
8 9 - 0 21 9 2 2 0 - 4 5 6 2 3 - 9 7
TABLE_2 3_
T° K xA x 106
-1 - 2  xJX 10 M M
2 9 5 - 2 8 2 0 1 1-219 4 - 4 2
2 6 2 * 5 8 6 4 5 1* 157 4-2 8
2 3 0 - 3 9 2 2 5 1 -080 4 * 14
1 9 8 - 5 97 29 1-028 3 - 9 5
1 6 6 * 5 1 0 3 3 0 0-9681 3 - 7 3
1 3 5 * 0 10 640 0*9397 3-4 0
1 0 3 * 0 1 0 7 9 0 0-9264 3 - 0 0
8 9 * 5 1 0 6 8 0 0*9367 2 - 7 8
FeECH3>2NCS2]:
DIAMAGNETIC CORRECTION 
-142 X106
Fej(C2H5)2N cS2] :
DIAMAGNETIC CORRECTION 
-190X106
- 1 1 8  -
TABLE 2 4
o
T K XA x 106 A
-1 - 2  ^  x 10 lJe BM
2 9 5 * 2 9 1 2 8 1 *0 9 5 0 4 * 6 6 -
2 6 2 - 5 1 0 0 6 2 0 * 9 9 4 0 4*6 2
2 3 2 - 0 112 26 0*8913 4*5 8 Fe[c,H8IMCS2J 2
1 9 8 - 0 1 2 8 4 6 0 *77 8 7 4-5 3 DIAMAGNETIC CORRECTION
1 6 6 * 3 14956 0*6688 4 * 4 8 - 1 7 6 X 1 0
1 3 5 * 3 17 876 0 * 5595 4*4 2
1 0 3 - 0 2 1 6 1 6 0-4627 4-2 4
8 9 * 5 2 3 9 5 6 0*4176 4-1 6
TABLE 2 5
'■» _.
T° K
6
X x  10 A
X"’x 102 
A He BM
2 9 4 * 5 1 1 5 0 5 0* 8602 5 * 2 5
2 6 2 * 3 1 2 2 9 5 0-8} 70 5-0 9
2 3 0 - 0 1 3 0 5 5 0 *7 6 6 0 4 -9  8 Fe[(C4H9)2WCS^2
1 9 8 * 3 1 4 0 2 5 0*7129 4 * 7 3 DIAMAGNETIC CORRECTION
1 6 6 - 3 1 4 8 5 5 0 *6 7 3 0 4*4 6 -2 8 5  X 1 0 6
1 3 5 * 3 1 5 8 5 5 0 *63 0 4 4*1 6
1 0 3 * 5 1 6 8 8 5 0*5929 3 - 7 5
8 9 * 0 1 6975 0*5888 3*4 9
- 1 1 9 -
TAB LEJ2 6
T° K X x 106 A ^ x l O 2 He B M
2 9 5 * 0 7 8 3 5 1*2770 4*3 2
2 6 2 - 5 8 7 3 9 1* 1450 4* 3 0
2 3 2 - 0 9 6 7 7 1* 0340 4*2 6 . Fe[(C6H„ ^ cs2(°H j]
1 9 8 * 5 111 7 6 0*8954 4*2 3 DIAMAGNETIC CORRECTION
1 6 6 * 3 1 3 0 1 6 0*7681 4*1 8 - 1 8 6 X 1 0 6
1 3 5 * 0 1 5 4 4 6 0*64 73 4*1 0
1 0 3 * 0 1 8 7 9 6 0 * 5322 3 * 9 5
8 9 * 0 2 1 2 6 6 0 * 47 0 4 3*9 1
TABLEJ27
T° K A X10<5 X ^ x io 2A Me BM
2 9 4 * 9 1 0 5 7 7 0 * 94 5 4 5*0 2
2 6 2 * 5 1 0 8 2 7 0* 92 3 4 4-7.9
2 3 0 * 0 1 0 9 4 7 0*9133 4*5 1 Fe^ 7)2NCS2] 2
1 9 8 * 4 1 1 1 27 0 *89 9 3 4*2 2 DIAMAGNETIC CORRECTION
1 66* 0 1 1 0 8 7 0 * 9 0 2 6 3*8 8
- 6
- 2 3 7 X 1 0
1 35 * 3 1 0 9 8 7 0 * 91 0 3 3*4 6
1 0 3 *0 1 0 8 6 7 0 * 9 0 0 4 3*0 1
8 9 * 5 10 7 7 7 0* 9285 2*7 9
— 12 0-
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TABLE 28
COMPOUND
140° K 
K1
O 
<M 
O 00 CM J Cm1 g
F ^ K ^ N C S ^ 0 ' 5715 0-5742 -7*6 5 2-1 3
F^ C2H5)aNCS?]s 0 *5761 0*5813 -16-6 8 2-1 5
FeIC4H9)aNCS2] 2 0*6092 0-6052 -10*4 3 2-2 0
Fe[C6Hu)SNeS20H] 0*4236 0*4203 -4*1 7 1 *84
Fe[5iH8 WGS2j2 0-4856 0*4863 -4-1 7 1 *9 7
the values expected for iron(ll) complexes, and decrease markedly with 
decrease in temperature. These complexes are strongly antiferromagnetic. 
Hence the complexes are presumably binuclear as mentioned earlier in the 
discussion of the rahgnetism of chromium(II) complexes. The values of J and 
g were calculated as described previously and are given in Table 28. The 
plots of calculated reciprocal susceptibility versus temperature fit well 
with the experimental values (Figures 48 to 5~)*
VANADIUM(II)
EXPERIMENTAL .
1 . Bis(dimethyldithiocarbamato)vanadium(11):
VBr , 6H 0 (2.72 g.) and sodium dimethyldithiocarbamat© (3*0 g.)cu &
were dissolved separately in absolute ethanol (30 ml., 60 ml., respectively). 
The solution of sodium diraethyldithiocarbamata was added to the metal 
solution. A brown-black precipitate formed which was filtered off, washed 
with ethanol, and dried under vacuum by continuous pumping for 5 hours.
C, 24.73? H, 4.13? N, 9.60? and S, 44.02 
C, 24.59? K, 4.33; N, 9*38; and S, 43.89%.
2* Bis(diethyldithiocarbamato)vanadium(ll):
This brown compound was prepared by the same method as above 
using ethanolic solutions of VBr^ 6H^O(2.8 g«) and sodium diethyldithio- 
carbamat© (3*2 g.) (30 ml#, 60 ml. absolute ethanol, respectively).
2 12 b 4 
requires: V, 17.48?
Found: V , 17.50?
requires: C, 34*685 H, 5*785 N, 8.09? and s> 36.91.
Found: C, 34.3O5 H, 6*285 N, 7.33? and S, 34.94%
3. Bis ( dibenzyldithiocarbamato)vanadiun( XI):
A solution of the zinc salt of dibenzyldithiocarbamat (6*6 g*) 
in dimethylformaraide (DMF, 80 ml*) was slowly added to a solution of 
vanadousbroraide (3.0 g.) in absolute ethanol (50 ml*). A reddish yellow
solution was obtained which was evaporated to dryness* At this stage a
dark brown solid separated which was shaken with 50% ethanol. A yellowish 
precipitate separated which was filtered off, washed with DMF, then with 
50% ethanol and dried under vacuum for 12 hours. TO2H28C3o V
requires: V, 8.565 C, 60.47; K, 4*745 N, 4.70. and S, 21*53
f 3
Found: V, 8.635 C, 55.635 H, 4.32j N, 4.255 and S, 21.64%.
.4# Monohydroxymono(dibutyldithiocarbamato)vanadium(II)•
VBr_6Ho0(2*2 g.) was dissolved in absolute ethanol (50 ml.).
A u
Sodium dibutyldithiocarbamate (2.5 g.) was dissolved in 50% ethanol (75 ml.) 
The solution of sodium dibutyldithiocarbamate was slowly added to the 
vanadous bromide solution. A brown precipitate formed which was filtered 
off, washed with 50% ethanol and then with absolute ethanol and dried
under vacuum for 12 hours* V M 1 X  S 0
f  y y tfi
requires: C, 39.38? H, 6.98; N, 5*13? and 8, 28.38.
Found: C, 40*34? H, 6.83? N, 5*1°? and S, 23.89%
,5# Monohydroxymono(pyrrolidy1dithio carbamato)vanadium(11):
A solution of sodium pyrrolidyldithiocarbamate (3-5 g.) in 50% 
ethanol (80 ml.) was slowly with continuous shaking added to a solution of
vanadous bromide (3*09 g*) in absolute ethanol (50 ml*). A reddish brown 
precipitate was formed which was filtered off, washed with 50% ethanol, 
then with absolute ethanol, and dried under vacuum for 12 hours.
.VNH^ CjjSgO requires: C, 28.01; H, 4.23; and N, 6.57.
Found: C, 30.36; H, 4.67; and N, 6.74%.
6 c Monohydroxymono(dipropyldithiocarbamate)vanadium(II) :
A yellowish brown compound was prepared by the same method as above 
by reacting a solution of sodium dipropyldithiocarbamate (3.6 g.) in 50% 
ethanol (75 ml.) and vanadous bromide (2*7 g.) in absolute ethanol (40 ml.) 
m *l5C7S2° squires* c* 34.39; 6.19; N, 5*76; and S, 2*6.24.
Found: C, 35-56; H, 6.02; N, 6.02; and S, 27.40%.
RESULTS AND DISCUSSION,
(l) Absorption Spectra
The ground state electronic configuration of vanadium(ll),
, yields several terms which are separated by coulombic electron
interactions. However, only the ground term 4^ and the excited 4^ term
have the maximum spin multiplicity of four. The system of energy levels
for vanadium(ll) under an octahedral ligand field contains four quartet term
and therefore three possible spin-allowed transitions, 4. £ 4T ,
2g 2g
4, 4 (F) and 4 —  ^4 (P), are expected in the visible spectrum of
2g lg 2g lg
vanadium(II) complexes•
-  129 -
2+The absorption spectrum of the violet ion VCH.O)/- has been
iHx O
221 / 222studied by Holmes and McClure, Jprgensen, and Bennett and Holmes.
They observed two bands with extraordinary snail extinction coefficients
(~ 0.5) at 11,800 cm."1 and 17*500 cm* 1 respectively which were assigned to
the 4, allci v 4- (f) transitions. The third band was not
2g ' 2g Alg
observed because of charge transfer. However, the calculated values for the
transitions 4 N 4_ (F) and 4A s. 4_ (P) are 18,100 cm* 1 and 28,500 cm. 1A ——?> 1 A /
2g lg 2g lg
24respectively. Bennett and Holmes have also reported the absorption
spectrum of VSO^, 7^0, which shows three bands at 12,000 cm. 1, 18,200 era. 1
and 27,800 cm* 1 assigned to the 4 v 4_ , 4. v  4_ (F), and
A- 11 > 1 _ A*.  ^v  J..2g 2g 2g lg
223> 2244- y 4„ (P) transitions. Larkworthy and co-workers * have reported
2g~"^ ilg
the electronic siaectra of vanadium(ll) double chlorides and double sulphates 
which contain three bands due to the transitions between 4 ground level
2
and the other three levels.
The energy level diagram for vanadium(ll) complexes is as shown 
in Figure 52. Reflectance spectra at room temperature of the vanadium(ll) 
dithiocarbamate complexes are given in Figures 52 and 53. Yellow-brown 
bis(diethyidithiocarbamato)vanadiura(ll) and Black-brown bis(diraethyldithio-
carbamato)vanadium(ll) show two absorption bands in the region 11,000-
-.1 —1
12.000 cm. ~ (Figure 53) and 16,000-17,000 era* perhaps corresponding
to the transitions 4. v 4T and 4 v 4 (F), whilst the band observed
A2g"“* 2g A2g ? Alg
at 24,000 cm. with a shoulder at 20,000 c m *  in the former, and a band
-1 -1at 26,000 cm. and shoulder at 20,000 cm. in the latter*, could be due to
the transition 4
>ix
also shows (Figure 53) three bands at 11,000 cm. ~, 14,000 cm. * and
-1 -123.000 cm. with a shoulder at 20,000 cm. corresponding to the expected
transitions.
v 4_ (P). Bis(dibenzyldithiocarbaraato)vanadium(lI)
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The regaining vanadiuin(ll) complexes do not have bis-ligand
formulae even though the absorption spectra of (Figure 54) these complexes
-1 • -1show three bands at 9,000-11,000 cm* , 13,000-14,000 cm# and
22,000-23,000 cm.  ^which could correspond to the transitions
4a v4_ , 4, __v 4_ (F) and 4 v. 4 (P). From the study of Infra-red
A n — p 1 A _ — y  X A — ■“7 X2g r 2g 2g lg 2g lg
spectra it is concluded that one hydroxyl group and one ligand molecule
are co-ordinated to vanadium.
All the complexes of vanadium studied in this work give three
bands which might correspond to transitions from ground state 4 to three
2g
other higher energy levels, but the relative intensities of the bands 
differ from those of vanadium(Il) complexes. Charge transfer bands would 
also complicate the spectra. Hence, it is very difficult to say from the 
reflectance siDectra whether the vanadium is bivalent or in a higher 
oxidation state.
(2) Magnetism
When the ground term 4„ of vanadium(ll) is split by an octahedral
r
ligand field an A_ term lies lowest, below a T tern. Since the ground2g 2g
term of vanadium(ll) is orbitally non-degenerate, values of effective
nagneiic moment close to the spin-only value B.K.), which are
Q 225invariant with temperature (0<^  o) , are expected. As there is a
term of the same multiplicity at higher energy, it is possible for
■17$
spin-orbital coupling to mix some of this into the ground term, producing 
a slight lowering of the moment below the spin-only value according to the 
equation = V<s q^X - (4X / A where Q is the spin only value,
X is the spin-orbital coupling constant, the free ion value of which is 
57 cm."*'*' and A is the separation between the ground level and the level 
being mixed in.
TABLE J2_?
vEck3Vjcs2]2
DIAMAGNETIC. CORRECTION 
-1 4 2 X 1 0 6
TABLE _30
v ^ h ^ c s ^  
DIAMAGNETIC CORRECTION 
-1 9 0 X 1 0 6
T° K 106 ^ x i O 2 : Me BM
2 9 5 - 0 2 6 3 2 3 - 7 9 9 2-5 0
2 6 2  *5 2881 3 - 4 7 0 2*4 7
2 3 0 - 0 3 2 1 4 3 - 1 1 2 2 * 4 4
1 9 8  -4 3 6 2 9 2 - 762 2*4 1
1 6 6 - 0 4 2 3 6 2-361 2 - 3 8
1 3 5 - 0 5 0 9 9 1*961 2 * 3 7
1 0 3 - 3 63 83 1 * 5 6 7 2 - 3 0
8 9 - 0 7254 1 - 3 7 9 2-2 8
H o 106 >£1x io2 Pe b m
2 .95*0 2 2 2 7 4 - 4 8 9 2*3 0
2 6 2 * 5 23 68 4*223 2 * 2 4
2 3 0 * 0 2 6 7 1 3*744 2*2 3
1 9fr*5 3 0 2 2 3 * 309 2*2 0
1 6 6-0 3 44 1 2*906 2*1 5
1 3 5 * 0 4 0 2 1 2*4 8 7 2 * 0 5
1 0 3 * 5 4 844 2* 065 2*0 1
8 9*5 5 3 4 3 1*872 1*9 6
-135 -
TABLE 31
T° K ]°6
-1 -2  X x 10 
A He B M
2 9 5 - 0 859*7 11*630 1-4 3
2 6 2 - 5 933*6 10*710 1*4 1
2 3 0 * 0 10 6 3 9-411 1*4 0
1 9 8 * 5 1 2 2 0 8*196 1-4 0
1 6 6 * 0 1 4 9 8 6*674 1*4-2
1 3 5 * 0 1 8 3 0 5-464 1*4 1
1 0 3 * 0 2 3 4  8 4*259 1*4 0
8 9 * 5 2 745 3*642 1*4 1
TABLE_3 2
T° K >^x 106 X ]x 102 He B M
2 9 5 - 0 2 0 79 4*809 2*22
2 6 2 * 5 2 2 5 1 4*4 42 2-1 8
2 3 0 * 0 2 5 2 5 3-942 2*17
1 9 8 * 5 2 876 3*477 2*15
1 6 6 - 0 3 3 56 2*980 2*1 2
1 3 5 - 0 4 0 0 4 2*4 98 2-09
1 03 * 3 4 9 8 4 2*006 2 *04
8 9 * 0 . 5 6 1 8 1*780 2*01
v [(c h 7)2 n c s 2] .
DIAMAGNETIC CORRECTION
-333 X 106
v [c4h8n c s 2(o h )]
DIAMAGNETIC CORRECTION
-100X106
- 1 3 6 -
TABLE jB 3
T ° K V 1C)6 xa x 182 Me BM
2 9 5 * 0 1955 5-116 2*16
2 6 2 - 5 2116 4*729 2*12
2 3 0 - 0 2 3 4 8 4-259 2-09
1 9 8 * 5 2 6 4 5 3*781 2 - 0 6
1 6 6 * 3 3061 3-2 68 2 * 03
1 3 5 * 3 3 5  73 2 -7 99 1 * 9 7
10 3*0 4 3 88 2-279 1*91
8 9 * 5 4 887 2-046 1-88
TABLEJ34
V{(c4 H9)2 tm c  s2(o n)]
DIAMAGNETIC CORRECTION 
- 1 5 3 X 1 0 6
T° K V  ’°6 -1 - 2  7^'x 10 Me BM
2 9 5 * 0 1 8 7 7 5-3 28 2-1 1
2 6 2 - 5 2 1 0  2 4 - 7 4 7 2-1 1
2 3 0 * 5 23  1 8 4 - 2 4 0 2-0 9
1 9 8 * 3 2 6 6 7 3-749 2 - 0 7
1 6 6 - 0 3 0 8 7 3 -2 39 2 - 0 3
1 3 5 * 0 3 7 0 2 2 - 7 02 2*01
1 03* 5 4 6 5 3 2*14 9 1 * 9 7
89*5 5 2 4 3 1 * 9 0 7 1 - 9 5
V (c 3h 7)2n c s 2(o h }]
DIAMAGNETIC CORRECTION
-6 
- 1 3 1 X10
- 1 3 7 -
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The magnetic susceptibility measurements (90-300°K) are listed 
in Tables 29 to 34$ the plots of reciprocal atomic susceptibility and 
effective magnetic moment against temperature are shovm in Figures 55 to 60.
The diamagnetic corrections for these complexes were calculated as before. 
Except bis(dibenzyldithiocarbamato)vanadium(II) all other substituted 
dithiocarbamates studied in this work have magnetic moments well below the 
spin only value which decrease with decrease in temperature. Bis(dibenzyl- 
dithiocarbamato)vanadium(ll) has a magnetic moment of 1*42 B.M. at room 
temperature which remains constant at the various temperatures studied 
(Figure 58, Table 3i)* All the complexes except bis(dibenzyldithiocarbamato)- 
vanadium(ll) obey the Curie-Vieiss law. The value of magnetic moments are 
much below the spin only value, so it is very difficult to decide on the 
oxidation state of the metal, or the structures of the complexes.
INFRA-RED SPECTRA
The dithiocarbamato group has been found to act as a uninegative
19?bidentate ligand, co-ordinating through both sulphur atoms, and both 
four and six-co-ordinated complexes ofanumber of transition metal ions 
have been isolated. Vaciago et al. have reported from x-ray analysis 
that Ru(S CNEt ) contains three bidentate ligands whereas Ru(NO)^> CNEt )Ci di J di di J
contains two bidentate and one unidentate dithiocarbamate groups. It has 
been found that dithiocarbamate complexes exhibit a band of medium intensity 
in the region 1480-1550 cm. \  that is between the ranges for C - N and 
C « N. This band has been assigned to a C - N stretching mode where the 
CN bond order is between one and two due to resonance. It is also found
that generally this frequency is influenced by the stereochemistry of the
complexes and probably the oxidation state of the metal.
202
It is re^)orted ' that if the ligand is bidentate, a single band near
-1995 cm. is found, whereas a doublet occurs m  unidentate dithiocarbamate.
Some of the compounds studied in this work have a strong band in the range 
~11000-990 cm. , whilst the remaining compounds have very weak bands in this 
region, which suggests that in all cases the dithiocarbamato ligands are 
chelating.
202
Bradley and Gitlitz have reported that metal sulphur stretching
—1 1.95frequencies should be in the region 450-300 cm. Martin and his co-workers
assigned the band at ^60 cm. * in Ct>(S CNMe ) to the Cb - S stretching
2 2 3
frequency. Infra-Red spectra (Perkin Elmer 457) of CKS^CNEt^)^, CrCS^CNEt^Cl),
-1 -1 -1and Cr(S CNMe Cl) give bands at 378 cm. , 380 cm. and 372 era. respectively,
d x  d i
assigned to metal-sulphur stretching frequencies.
—1The bands observed in the region 3,400 cm. in the spectra of 
dipropyl-, dibutyl-, and pyrrolidyl-dithiocarbamato-complexes of vanadiura(ll), 
and the dicyclohexyldithiocarbamato-coraplex of iron(ll) indicate the presence
of hydrossy 1 groups.
- 1 4 2 -
C H A P I E R  6
2-METHYLMERCAPTOAIMIUIME COMPLEXES OF
CHROMIUM IT
E3CPERIMBNTAL
1. Dichlorobis ( 2 -methylrner captoani 1 ine ) chromiuin( IX) tetrahydrate:
Hydratod chromous chloride (1*64 g.) was dissolved in absolute 
ethanol (30 ml.). An alcoholic solution (3 ml. Ab.ethanol) of 2-methyl- 
mercaptoaniline (2.4 g.) was added to the metal solution. The resulting 
turbid-bluish solution was evaporated to dryness. To the dry residue 
ethyl acetate was added (40 ml.) and left overnight. A greenish precipitate 
was deposited. This was filtered off, washed with ethylacetate and dried 
under vacuum by continuous pumping for 3 hours.
CrCl2n^ 2 Q ClkS2° rGq-uires: c’ 35.44; H, 5.47? N, 5*91? and S , 13*50
Found: C, 33.055 H, 4.40? N, 6.13; and S,13.29%
2. Diiodobis(2-methylmercaptoaniline)chromium(II)dihydrato:
Hydrated chromous iodide (4.4 g.) was dissolved in absolute ethanol 
(30 ml.). An alcoholic solution (3 ml. , .ethanol) of 2-methylraercaptoaniline 
(4.6 g.) was added to the above metal solution. The resulting green
solution was evaporated to dryness. The dry green residue left at this
stage was shaken with acetone and evaporated to dryness, and the dark green 
solid obtained was shaken with ethylacetate (40 ml.) and cooled in liquid air. 
Then a grey jprecipitate separated which was filtered off, washed with 
ethylacetate and dried under vacuum for 5 hours.
CrI_N_H_.C_.S_0 requires: Crt.8.38? I, 40.90? C, 27.275 H, 3-87; and N, 4.5
2 2 C tH : 2
Found: Cr, 8.77; I, 40.91; C, 26.81? H, 3.90? and N, 3.8%
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(l) Absorption Spectra
The reflectance spectra of the complex: Cr(NH~SMe) Cl , 4H 0 at
O dx dk di
room and liquid nitrogen temperatures (Figure 6l) and of Cr(NH -SMe)_I_, 2H 0
di di di di
ClZ room temperature are given in Figure 62. In tho reflectance spectra of
Cr(NH -SMe)0Cl , 4H 0 a broad asymmetric band near 13,000 cm. * is broad 2 2 2 2
enough to contain the expected three transition. Hot/ever, at low temperatures
this band is resolved into three clear cut bands at 15,600 cm* \  12,200 era* *
and 10,200 cci."^  which are assigned to transitions 5~, v*5A j 5^  v 5n
lg lg lg 2g
and 5 5 respectively* At room temperature the reflectance spectrum
B, *“*7 Eg
*9 -1
of Cr(NH -SMe)_I , 2H 0 gives only one broad asymmetric band at 16,000 cm*
2 2 2 2
-1 /- -1with a slight shoulder at 12,000 cm* The broad asymmetric band at 16,000 cm.
can be assigned to the transitions to 50 £.nd 5r* « anc^
_ lg ^  _ Bl g “ * B3g
shoulder at 12,000 cm. to the _* 5r> transition.
lg~^ Blg
(2) Magnetism
The conpound C^MJ^-SMe^Cl^, 4 ^ 0  (Figure 63) is a normal high-spin 
chromium(ll) complex. There is a 0 value of 8 which indicates that there 
is some antiferroraagnetic interaction* The results for Cr (NH^-SMe) ,  2HgO 
suggest that stronger interaction is present (Figure 64).
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TABLE. 35
O1 - X x 1$
A >^x 102 BM
2 9 5 - 0 12143 0*8237 5*37
2 6 2 - 5 13353 0-7503 5-3 2
2 3 0 * 0 1491 3 0*6607 5*26
1 9 8 * 3 17113 0*5837 5-2 3
1 6 6 - 0 2 0 1 0 3 0-4974 5-1 9
1 3 5 - 0 2 4 6 0 3 0*4065 5-1 8
1 0 3 - 3 3 2 1 1 3 0-3113 5-1 7
89*5 374 33 0*2668 5*2 0
TABLE_36_
T° K X x  106A x ' x io2A 1^  B M
2 9 5 * 0 5 3 2 4 1-878 3-5 6
2 6 2 - 5 5 73 1 1-745 3-4 8
2 3 0 * 0 6 1 9 4 1-614 3-3 9
1 9 8 * 5 6 7 8 9 1-4 73 3-3 0
1 6 6 - 5 7 5 8 3 1*318 3-1 9
1 3 5 - 0 8 6 4 8 1 - 1 56 3-07
1 0 3 - 0 10171 0 - 9 8 3 3 2-92
89 * 5
,, .. . !
10923 0* 9156
.
2-8 1
Cr^NH^SMe^Cl^f-^O 
DIAMAGNETIC CORRECTION 
- 2 7 3  X106
Cr (N H -S M e^ l2 2H20
DIAMAGNETIC CORPECTION 
6
- 3 0 3 X 1 0
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